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TIROS SATELLITE 
PAYLOAD 

Today's launch from the At l an t i c  Missile Range w i l l  attempt 

t o  place a 270-pound meteorological s a t e l l i t e  i n t o  a c i r c u l a r  

o r b i t ,  approximately 400 m i l e s  above the Ear th .  Primary sa t e l l i t e  

instrumentation c o n s i s t s  of two TV cameras t o  take s t i l l  photo- 

graphs of t h e  Ear th ' s  cloud cover. Launching vehicle  w i l l  be 

a Thor-Able rocket .  

The s a t e l l i t e  looks l i k e  a g i an t  p i l lbox ,  42 inches i n  

diameter and 19 inches high. I ts  appearance is  somewhat unusual 

s ince  i t s  top  and sides are almost completely covered by banks 

of s o l a r  c e l l s  -- over 9000 i n  a l l ,  Extending beneath t h e  payload 

are four  t r ansmi t t i ng  antennas. A s i n g l e  rece iv ing  antenna i s  

located on t h e  top,  

O r b i t a l  i n c l i n a t i o n  w i l l  be about 50 degrees t o  t he  equator. 

Traveling about 18,000 mph, the  s a t e l l i t e  w i l l  c i r c l e  t h e  Earth 

on an average o f  once every hour and one-half. The be l t  covered 

by the o r b i t i n g  TIROS w i l l  extend from 50° M. Lati tude t o  SO0 

S. Lati tude.  I n  t h e  Western Hemisphere t h i s  covers an area 

between Montreal, Canada, and Santa Cruz, Argentina. During 

i t s  approximately 1300 o r b i t s  during the  next t h r e e  month, TIROS 

w i l l  sweep over every point  i n  t h i s  b e l t .  
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The payload i s  named TIROS (Television and Infra-Red Observa- 

t i o n  Sa te l l i t e ) .  

calendar year; however, t h i s  f irst  is  not equipped w i t h  t h e  

inf ra - red  r a d i a t i o n  sensors  which map relat ive temperatures 

of t h e  Ea r th ' s  surface,  

There are two TIROS sa te l l i t es  scheduled t h i s  

This U. S o  launching i s  p a r t  of a long-range program designed 

t o  develop a sa te l l i t e  c a p a b i l i t y  for providing world-wide 

meteorological information. The ultimate goal of t he  weatherman 

i s  t o  have world-wide meteorological observat ions a t  h i s  f i n g e r  

t i p s  f o r  ana lys i s .  This would g r e a t l y  assist him i n  preparing 

h i s  weather fo recas t s ,  Such a wealth of  data would lead t o  a 

more complete understanding of our weather and w i t h  t h i s ,  perhaps 

some theo r i e s  r e l a t i n g  t o  weather cont ro l ,  

There are s p e c i f i c  reasons f o r  photographing cloud cover. 

Such p i c t u r e s  w i l l  provide meteorologists w i t h  cloud pa t t e rns  

ind ica t ing  b i r t h  o r  ex is tence  of hurr icanes,  cyclones and o the r  

weather a c t i v i t y .  It is  hoped that these photos w i l l  provide 

meteorologis ts  with more d e t a i l e d  information on ind iv idua l  

cloud types over s p e c i f i c  arease Analysis of t h i s  data w i l l  

assist meteorologis ts  toward a bet ter  understanding o f  t h e  

causes of our  weather. 

The TIROS satel l i te  i s  an experiment -- i n  i t s e l f  it cannot 

be considered an opera t iona l  weather system. I ts  use fu l  l i f e t i m e  

i s  expected t o  be only about t h r e e  months. 

meteorological sa te l l i t e  re lay ing  weather data t o  Ear th  proves 

feasible, such a system consfs t ing of s eve ra l  sa te l l i tes  providing 

coverage over the  e n t i r e  gdbbe may one day be used on a continuing 

24-hour basis 

However9 i f  a 



This TIROS satellite, in addition to i t s  TV cameras and 

associated equipment, contains beacon transmitters, attitude 

sensors, and telemetry circuits. Power is supplied by nickel- 

cadmium batteries charged by solar cells, Power output is 

expected t o  average about 19 watts. 

There are two primary ground stations which can both command 

the satellite and receive photo data. These are located at Ft ,  

Monmouth, N. J., and Kaena Point, Hawaii. 

The two TIROS TV cameras differ in coverage and resolution. 

The side-angle camera, at 400 miles altitude, is designed to 

cover an area of cloud cover roughly 800 miles on a side, The 

narrow-angle camera will photograph a smaller area located within 

the wide-angle camerats view,, 

Identical except f o r  lens equipment, the cameras are both 

the size o f  a water glass and use a $-inch Vidicon tube especially 

designed for satellite use. Each camera consists of t w o  parts: 

a Vidicon and a focal plane shutter which permits still pictures 

to be stored on the tube screen, An electron beam converts this 

stored picture into a TV-type electronic signal which can be 

transmitted to ground receivers. 

These are some of the characteristics of the cameras--lens speed: 

wide angle - f/l.5, narrow angle - f/1.8; shutter speed: 1.5 millisec; 

lines per frame: 500; frames per second 1/2; video bandwidth: 62,5 kc. 

Connected t o  each camera is a magnetic tape recorder.. Out 

of ground station rangep TIROS can record up to 32 photographs on 

the  storage tape for later relay, Or, picture data f r o m  the 

cameras can by-pass the tape and be transmitted directly to the 
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ground when within range of a station. The Mylar-base tape is 

400 feet long and moves 50 inches per second during recording 

and playback. The two TV systems and their associated equipment 

operate independently of one another. 

Photo data are transmitted from one camera at a time. Tape 

readout from each camera will take 34 minutes -- about 7 minutes 
for both. The satellite will be within transmission range of 

ground stations up to 12 minutes. This means that the satellite 

can transmit directly up to 4 minutes of photo data collected 

while: within range of the acquisition station. Connected to each 

photo system is a 2-watt FM transmitter operating at a nominal 

frequency of 235.00 mc which will relay picture information on 

command to ground stations, 

At the ground stations, pictures will be displayed on 

Kinescopes f o r  immediate viewing and photographing. Photo data 

will also be sent to the U. S. Naval Photographic Interpretation 

Center for developing and processsing. 

How will meteQrologlsts identify photographs transmitted 

from the satellite? Based on tracking reports, the satellite's 

orbit will be accurately computed. Scientists connected with the 

project will be able to determine exactly where TIROS was or 

compute where it will be at any given time. Not only will the 

meteorologist know the geographical source of the photo, but 

he will know the d i r e c t i o n a l  o r i e n t a t i o n  of the  p i c t u r e ,  

the payload are nine solar cells. They measure the 

position of the satellite with respect to the sun. This 

Around 
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information i s  t ransmit ted to the ground stations wi th  t h e  TV 

transmission where it i s  processed by a computer t o  show which 

d i r e c t i o n  i s  nor th  i n  each p i c t u r e ,  

Two beacon t r ansmi t t e r s ,  operat ing on 108.00 mc and 108.03 mc, 

both w i t h  a power output of 30 mw, wilY be used for tsaeking 

purposeso They can be mo~l:~lated t o  provide inforna t ion  on 

s a t e l l i t e  a t t i t u d e ,  environmental eondftfsns,  and s a t e l l i t e  

equipment operat ion.  For  back-up purposes, both frequencies ca r ry  

the same data, Each of  t h e  photo data acqu i s i t i on  s t a t i o n s  arc 

equipped w i t h  t rack ing  antennas, 

When the payload i s  separated from t he  t h i r d  s tage  of the 

Thor-Able rocket ,  it w i l l  be spinning a t  about 136 rpm. P ic tures  

taken from a vehicle  w i t h  t h i s  ~ a % e  of  s p i n  would be b l u r r e d ,  

About PO minutes af ter  payload separat ion a de-spin mechanism will 

slow t h e  revolut%ons to w%thian emera operating l i m i t s  -- 12 rpm. 

The de-spin mechanism eonsists of  two weights at tached to cables  

wound around the  s a t e l l i t e ,  A s  t he  weights unwind they  slow 

the  rate of sp in ,  They drop off automatical ly ,  

The s a t e l l i t e  i s  expected t o  remain s t a b l e  i n  i t s  o r b i t  

as long as it maintains a minimum spfn rate of 9 rpme When 

sp in  slows t o  the minimum, control. rocke t s  w i l l  speed the sa te l l i t e ' s  

r o t a t i o n  back t o  12  rpm, These are th ree  palla o f  these 

j e t s  located around %he baseplate o f  the TZROS, Each set  can be 

used once. 

every 20 days, 

%t i s  estimated that spin-up will be necessary only 

These J e t s  are ac t iva t ed  by command from t h e  ground. 

An infra-red de tec to r  wi th in  the payload senses t h e  crossing 

of t h e  Ea r th ' s  horizon, T h i s  is  t ransmit ted t o  ground s t a t i o n s  
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f o r  processing t o  determine t h e  a t t i t u d e  i n  space of t h e  

sa te l l i t e ' s  sp in  axis; it a l s o  can be used as a b a s i s  for 

computing s p i n  ra te ,  

Since TIROS i s  sp in  s t a b i l i z e d ,  it w i l l  not be "looking" 

at the Ear th  a t  a l l  times, Based on t racking  information, 

F t ,  Monmouth and Kaena Point w i l l  program the  cameras t o  take 

photographs only a t  those times when the sa te l l i t e  is  viewing 

the Earth and when the area t o  be photographed i s  i n  sunl ight .  

This is  done by s e t t i n g  a timer. Program commands can be given 

as much as f i v e  hours i n  advance, P ic tures  taken while TIROS 

i s  out  of range of the ground s t a t i o n s  w i l l  be s tored  on tape  

f o r  later relay. In  the  remote mode, the timer starts the 

camera, power, and t r a n s m i t t e r  functions.  Each read-out wipes 

the tape clean. It immediately rewinds for i t s  next recording. 

When the  s a t e l l i t e  i s  within range of a s t a t i o n ,  ground 

command can d i r e c t l y  t u r n  on the  cameras and photographs taken 

above the s t a t i o n  w i l l  be relayed immediately below, by-passing 

the magnetic tape, 

F t .  Monmouth w i l l  be the  f irst  t o  program the TV cameras, 

This w i l l  be done when TIROS sweeps over the E a s t  Coast o f  t he  

U. S, for the f irst  t i m e ,  about a n  hour and one-half af ter  launch. 

The New Jersey s t a t i o n  w i l l  a l s o  read-out t h e  first data a f te r  

TIROS completes i t s  second o r b i t ,  about t h ree  hours af ter  launch. 

The TIROS sa te l l i t e  is  expected t o  operate  f o r  about three 

months. If i t s  usefulness  ends before t h i s  t i m e ,  the  t racking  

beacons can be commanded off. 

. . .. . .,. .". . . . . .  . .  - . .  _. -. . . . . 
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Officials concerned with the development of the TIROS 

include : 

Dr. Abe Silverstein, Director of Space Flight Programs, 

and Dr. Morris Tepper, Chief of Meteorological Satellite Programs, 

both from NASA headquarters; and William G. Stroud, Head of the 

Meteorology Branch of NASA's Goddard Space Flight Center and 

TIROS Project Manager. 

Herb Butler, project manager f o r  the U. S. Army Signal 

Research and Development Laboratory. 

Vernon Landon and Edwin Goldberg, project managers for 

the Astro-Electronic Products Division of RCA. 
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TIROS 

LAUNCETIHG VEHICLE 

Consisting of three &ages, the Thor-Able rocket s tands over 

90 feet t a l l  and weighs more than lO5,OOO pounds at l i f t - o f f .  

T h i s  i s  the t h i r d  time the vehicle  has been used as a sa te l l i t e  

booster :  The first f o r  Explorer VI on August 7, 1959, and the 

second on an unsuccessful attempt t o  o r b i t  T rans i t  I on September 17, 

1959. A Thor-Able sent Pioneer 170,700 miles i n t o  space on 

October 11, 1958 and most r e c e n t l y  on March 11, 1960, it boosted 

Pioneer V i n t o  

Here is a 

F i r s t  Stage: 

a solar orbit. 

breakdown of the stages and t h e i r  funct ions:  

Improved Thor, intermediate range ba l l i s t i c  missile, minus 

guidance and modified t o  rece ive  aUditiona1 s tages .  

Weight -- Over 100,000 lbs. 

Thrust -- Approximately 150,000 lbs. 

The l iquid-fueled Thor propels the  fehiAle for abput 160 

seconds after launch, During t h i s  tine, the  rocket  i s  cont ro l led  

by roll and p i t c h  programers .  During the  l a t t e r  pa r t  of f i r s t -  

stage boost ,  a p l a s t i c  nose fairing covering the  t h i r d  stage and 

s a t e l l i t e  i s  j e t t i s o n e d  and fa l ls  away. Upon separat ion,  t he  

Thor re-enters the atmosphere and disintegrates. 
Second Stage : 

Powered by a l iquid-fueled engine, the second stage was 

adapted and modified from ear l ier  Varguard and Thor-Able rocket 
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vehic les .  A t  the  t o p  are s i x  small rockets  t o  spin-up t h e  t h i r d  

stage. The second s tage  f i r e s  immediately a f te r  f irst  s t age  

separa t ion  e 

Weight -- Over 4,000 lbs .  

Thrust -- Approximately 7,500 l b s .  

The second stage contains a highly accura te  r a d i o  guidance 

system developed by Bell Telephone Laboratories and Western 

E l e c t r i c  Company. It is  the  same guidance used i n t h e  T i t an  ICBM. 

T h i s  stage propels  the vehicle  f o r  about 100 seconds. A t  burnout, 

the  sp in  rockets  i g n i t e  causing the t h f r d  s tage  and t h e  payload t o  

r o t a t e  a t  the rate of 136 revolut ions per minute. 

s t a b i l i z e s  the  t r a j e c t o r y  o f  the  third s tage  and payload. About 

a second and a half a f te r  the sp in  rockets  f i r e ,  second-stage i s  

separated by a retro-rocket .  The second s t age  then fa l l s  and 

burns up on en ter ing  the Ea r th ' s  atmosphere. 

T h i r d  Stage 

The sp in  

A sol id-propel lant  rocket ,  t h e  t h i r d  s tage  was adapted f rom 

the  Vanguard and Able I rocket vehic les .  It propels t he  payload 

t o  o r b i t a l  ve loc i ty ,  about 18,000 mph. 

Weight -- Over 500 lbs, 

Thrust -- Approximately 3,000 l b s .  

The t h i r d  stage coasts  f o r  about L!OO seconds before 

ign i t i on .  It goes i n t o  o r b i t  still at tached t o  t h e  pay1oa.d. 

Separation occurs about 25 minutes a f t e r  t h i r d - s t a g e  burnout 

when a set  of spr ings  forces  t h e  t h i r d  stage and payload apart. 

Burned out ,  the empty third-stage casing weighs about 50 pounds. 
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For the first time in any NASA satellite launch, the third 

stage carries a tracking beacon. It was designed by M,I.T.rs 

Lincoln Laboratory, Lexington, Mass., and built by Texas 

Instruments, Inc., Houston, Texas. Designed to be used with 

ground equipment at Lincoln Laboratory's Millstone Hill tracking 

facility in Westford, Mass,, the beacon will assist in providing 

accurate trajectory information during launch. 

receives a pulse from ground radar, it transmits a pulse back 

showing the location of' the third stage. 

greater tracking range than "skin" tracking where radar signals 

are "echoed" back from the object in space. 

When the beacon 

This system provides 
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TIROS 

PROJECT PARTICIPANTS 

To prepare the TIROS vehicle ,  place i t  i n  o r b i t ,  t r ack  it, and 

acquire ,  process  and analyze data requi res  t he  cooperation and 

a s s i s t ance  o f  many Government agencies and i n d u s t r i a l  organizat ions.  

The o v e r a l l r e s p o n s i b i l i t y  for the  p ro jec t  rests wi th  the  

National Aeronautics and Space Administration. The operat ional  

phase of t h e  p ro jec t  i s  under t h e  d i r ec t ion  of N A S A s s  Goddard Space 

F l i g h t  Center .  Goddasrd w i l l  prepare the command programming which 

the  ground s t a t i o n s  w i l l  relay t o  the satel l i te .  These programs 

will be based on information from NASA's Computing Center and the  

Meteorological S a t e l l i t e  Section of t he  U . S .  Weather Bureau. 

Operational t racking w i l l  be provided by the Minitrack network. 

The TIROS p ro jec t  w a s  o r i g i n a l l y  sponsored by the  Advanced 

Research Projects.Agency of t h e  Departmerit of Defense, I n  A p r i l  1959, 

the p rd jec t  was transferred t o  NASA. 

The satel l i te  and spec ia l  ground s t a t i o n  equipment w a s  designed 

and constructed by R C A ' s  Astro-Electronic Products Division, 

Princeton, N.J . ,  under the  technica l  supervision of the U.S. Army 

Signal  Research and Development Laboratory, P t .  Monmouth, N.J. 

The A i r  Force B a l l i s t i c  Missile Divis ion (ARDC), with i t s  

contractors ,  Space Technology Laboratories,  Inc., and Douglas 

Ai rc ra f t  Corp,, was responsible  f o r  booster  development and f o r  

matlng booster  and payload. I n  add i t ion  they provide launch services 

supported by the Air Force Missile Test Center which operates  

the  At lan t ic  Missile Range. 
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There a r e  two primary data receiving s t a t ions :  one is operated 

by the Signal  Corps a t  F t ,  Monmouth; t h e  o the r  a t  Kaena Point,  H a w i i ,  

by Lockheed Missile and Space Divis ion and i t s  consul tant ,  Phi lco 

Corporation under contract  t o  AFBMD, and under the  technica l  

supervis ion of the Signal  Corps. Two back-up s t a t i o n s  which cannot 

command the satel l i te  but which can receive data are located a t  

Cape Clanaveral and Princeton, N.J, 

Meteorologists in. the  Meteorological S a t e l l i t e  Sect ion of the 

Weather Bureau w Z l l  be responsible  f o r  t he  ana lys i s  and i n t e r p r e t a t i o n  

of cloud cover data. 

weather data ana lys i s  w i l l  be the A i r  Force Cambridge Research Center, 

Allied Research Associates, A i r  Weather Service,  Navy Research 

Weather F a c i l i t y ,  and the A r m y  Signal Corps, The U , S ,  Naval 

Photographic I n t e r p r e t a t i o n  Center w i l l  develop and process  

photographs before  they are d i s t r i b u t e d  f o r  research purposes, 

Assis t ing NASA and the  Weather Bureau i n  
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FOURTH NASA TEST LAUNCH OF 100-FOOT SPHEXE 

The fou r th  i n  a continuing series of suborb i t a l  t es t  launches 

of a LOO-foot i n f l a t a b l e  sphere was conducted by the National 

Aeronautics and Space Administration today from i t s  Wallops S ta t ion ,  

Virginia ,  launch s i t e .  

A t e s t  vehicle  carrying t h e  sphere w a s  launched a t  ,'L;.S' porn,, 

EST. It boosted the sphere t o  an a l t i t u d e  of about 2/7? m i l e s .  

It t r ave led  about L ? ~ L >  miles east across  the At l an t i c  Ocean. 

The experiment was p a r t  of a research and development program 

on: 

- The mechanism f o r  e j e c t i n g  the  sphere from i t s  payload and 

i n f l a t i n g  it i n  space. 

- The t h i r d  stage configurat ion of the Delta vehicle  under 

development f o r  NASAPs launch vehicle  program, 

S i m i l a r  launches were conducted from Wallops S t a t i o n  on 

October 28, 1959, January 16, 1960, and February 27, 1960, t o  t e s t  

the  100-foot sphere NASA plans t o  place i n  o r b i t  t h i s  spr ing f o r  

use as a passive communications s a t e l l i t e  i n  Pro jec t  Echo. 

suborb i t a l  launches w i l l  be a continuing e f f o r t  by the Langley 

Research Center, Hampton, V i r g i n i a ,  t o  explore and develop advanced 

i n f l a t a b l e  s t r u c t u r e s  as a follow-on program t o  the first Project  

The 

Echo experiment, 
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Today's two-stage launch vehicle stood 32$ 

weighed five and one-half tons at take-off. It 

initial thrust of l30,OOO pounds. 

feet high and 

produced an 

The first stage was one Thiokol Sergeant solid rocket 

with two Thiokol Recruit assist rockets to increase initial thrust. 

The second stage was an Allegany Ballistics Laboratory 248 solid 
rocket which will be the third stage of the Delta vehicle. 

The 100-foot sphere was made of mylar plastic half a mil thick 

(half of one thousandth of an inch) coated with vapor deposited 

aluminum. The sphere itself weighed about 135 pounds. The 

aluminum provided a high degree of reflectivity of light and 

radio signals. 

During the February 27 experiment, a radio signal transmitting 

voice from Bell Telephone Laboratorhes, Holmdel, N. J., was 

bounced off the sphere and received successfully at Massachusetts 

Institute of Technology station at Round Hill, Mass. 

At launch today, the sphere was folded into a round magnesium 

container 26% inches in diameter. 

weighed about 190 pounds. 

The complete payload package 

After ejection from the container, inflation of the sphere 

was begun by residual air inside it. Further inflation was 

accomplished by 30 pounds of sublimating powders carried in the 

sphere. 

A telemetry transmitter on the second stage reported vehicle 

performance to ground stations at Wallops. 

carry a beacon transmitter. 

The payload did not 
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The 100-foot sphere was conceived by Langley's Space Vehicle 

Group headed by W i l l i a m  J. O'Sullivan, Jr. The sphere and vehicle  

were developed by Langley's Applied Materials and Physics Division, 

Joseph A. Shortal ,  Chief. Project  engineer w a s  Norman L. C r a b i l l  

of AMPD. Leonard Jaffe of NASA Headquarters i s  chief  of communi- 

ca t ions  sa te l l i t e  programs. 

- END - 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON 25, D. C. 

HOLD FOR DELIVERY UNTIL PRESENTED 
(Expected 1O:OO a.m., April 4) 

STATEMENT OF DR. T. KEITH GLEN" 
BEFORE THE HOUSE COMMITTEE ON SCIENCE AND ASTRONAUTICS 

April 4, 1960 

Gentlemen, I appreciate this opportunity to appear 

again before you and to discuss amendments to the statute 

which is our national charter for space exploration -- 
the National Aeronautics and Space Act of 1958. The bill 

before us is H . R .  9675. The record on it, which has been 

made during these hearings, is excellent. As your last 

witness and as one whose whole job is concerned with the 

administration of the Act, I want to be as candid and 

as helpful as I can in dealing with the issues4 

Two things should be noted at the outset: 

First, by way of background, the subject matter 

with which you and I deal is dynamic, fast-moving, and 

vital to this nation, 

ahead. 

We are concerned with getting 

W e  are concerned also with sett ing the r igh t  pace. 

In other words, we must run but not stumble. 

nature of our task demands coordination, cooperation, 

The very 



. .  

and decis ion.  1 think w e  can a l l  agree on the importance 

of these objec t ives .  To achieve them, w e  must not ob- 

scure  t h e  c l e a r  perception of our r e s p o n s i b i l i t i e s ,  nor 

complicate the  governmental s t r u c t u r e  i n  which we  l i v e ,  

nor d i v e r t  our efforts f r o m  f u l f i l l i n g  our primary 

m i s s  ion. 

Second, NASA w a s  created twenty months ago by en- 

actment of t h e  National Aeronautics and Space Act of 

1958. It w a s  the  product of a s t a r t l e d  and somewhat 

anxious na t ion ,  Wisely, it created an agency with broad 

p o w e r s  t o  develop and car ry  out a c i v i l i a n  program of 

aeronaut ica l  and space a c t i v i t i e s  which would m e e t  t he  

needs of the nat ion.  Cautiously, it erec ted  an e labora te  

s t r u c t u r e  so t h a t  the machinery of government would be 

adequate and the  a t t e n t i o n  of the  h ighes t  a u t h o r i t i e s  i n  

the Executive Branch would be focused on space. I need 

not spec i fy  the many provisions of the Act which w e r e  

intended t o  accomplish these objec t ives .  I think we can 

a l l  agree t h a t  the Act, as an i n i t i a l  e f f o r t ,  was a 

f i r s t - r a t e  piece of l e g i s l a t i o n .  But now, after these  

twenty months, a l l  of us  have learned f r o m  experience,  

It is  appropr ia te ,  t he re fo re ,  t h a t  w e  apply our experience 

2 



t o  improving the A c t  under which w e  l i v e .  This w e  have 

done, and H.R. 9675 i s  the r e s u l t .  

In  t h e  P res iden t ' s  own words, he recommends tha t  t h e  

A c t  be amended " to  c l a r i f y  management r e s p o n s i b i l i t i e s  

and t o  s t reamline organiza t iona l  arrangements concern- 

ing the na t iona l  program of space explorat ion."  

Spec i f i ca l ly ,  the c l a r i f i c a t i o n  of r e spons ib i l i t y  

proposed i n  H.R. 9675 affects subsect ions l02(b)  and 

(c) under the t i t l e ,  "Declaration of Policy and Pur- 

pose, '' subsect ion 203 (a) under the t i t l e ,  "Functions 

of the Adminis t ra t ion,"  and a new sec t ion  309 e n t i t l e d ,  

"Coordination and Cooperation. I' The proposed stream- 

l i n i n g  of organiza t ion  affects sec t ion  201, e n t i t l e d  

the "National Aeronautics and Space Council ,"  and sec- 

t i o n  204, e n t i t l e d  the "Civi l ian-Mil i tary Liaison Com- 

m i t t e e  . I' 
My purpose today is  t o  consider  w i t h  you, i n  the 

l i g h t  of NASA's  day-to-day experience during the p a s t  

year  and a ha l f ,  the i s sues  raised and some of the l eg i s -  

l a t i v e  suggestions made i n  the course of these hear ings.  

The f irst  fundamental i s sue  is whether t he re  should 

be one or two governmental programs involving a c t i v i t i e s  

3 
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i n  space. There is  no questioning the  f a c t  t h a t  today 

we have two organizat ions deeply engaged i n  such a c t i v i -  

t ies.  The President ,  r e f e r r i n g  t o  t h e  e x i s t i n g  l a w ,  

s t a t e d  that  the  concept of a "s ingle  program embracing 

m i l i t a r y  as w e l l  a s  nonmili tary a c t i v i t i e s "  should be 

el iminated.  He s a i d  f u r t h e r ,  " In  a c t u a l  p r a c t i c e ,  a 

s i n g l e  c i v i l i a n - m i l i t a r y  program does not e x i s t  and is, 

i n  f a c t ,  unat ta inable;  and the  s t a t u t o r y  concept of 

such a program has caused confusion." As I see it, the 

President is seeking t o  make t h e  s t a t u t o r y  concepts f i t  

t h e  hard f a c t s  of l i fe .  

It has been argued that a s i n g l e  na t iona l  program 

f o r  space -- embracing both m i l i t a r y  and nonmilitary 

app l i ca t ions  -- is not only a t t a i n a b l e  b u t  a l s o  des i r ab le .  

I have examined those arguments very c lose ly ,  and I be- 

l i e v e  that  b a s i c a l l y  they involve a fa i lure  t o  compre- 

hend the v a r i e t y ,  d i v e r s i t y ,  and breadth of p o t e n t i a l  

human a c t i v i t y  i n  t h i s  new r e a l m .  I be l ieve  t h a t  such 

views s t e m  from a preoccupation w i t h  the areas of common 

technology involved i n  t h e  m i l i t a r y  u t i l i z a t i o n  of space 

and the c i v i l i a n  explora t ion  of space f o r  peaceful pur- 

poses. F'urther, l eg i t imate  concern w i t h  the p o s s i b i l i t y  



of duplication raises the spectres of waste and ineffi- 

ciency which are assumed to follow from the existence 

of separate and divergent space programs. Finally, a 

single governmental program appears to offer the advan- 

tages of comprehensive, all-embracing planning and 

decision-making, These are the factors which appear to 

give rise to the suggestions that the military be given 

sole responsibility for a single national space program, 

or that NASA be reconstituted to conduct all research 

and development for activities in space, including 

military applications, possibly after the pattern of 

the Atomic Energy Act. 

Now, I do not deny the desirability -- indeed, the 
enormous importance -- of the objectives of avoiding 

waste and achieving efficiency, nor do I criticize those 

who seek the virtues of comprehensiveness in planning 

and decision-making. 

areas of science and technology which are common to 

both the military uses and the civilian uses of space. 

I will be in the front ranks with those who seek to 

i6entify and to make effective arrangements concerning 

areas of interest common to NASA, DOD, AEC, and other 

I do not deny that there are large 



governmental agencies. I abhor bureaucrat ic  j u r i s d i c -  

t i o n a l  d i sputa t ions  that  follow from overlapping o r  

uncoordinated missions. 

Nevertheless, it is e s s e n t i a l  that the c i v i l i a n  

mission of space explora t ion  should not  be confused 

w i t h  o the r  governmental funct ions such a s  the na t iona l  

defense o r  the development of atomic energy. 

these  funct ions a r e  a l i k e  i n  t h e i r  dependence upon 

science,  their  i n t e r e s t  i n  research,  and their  need f o r  

hardware development, these f a c t s  should not cause us  

t o  lo se  s i g h t  of t h e  unique mission of NASA. 

Although. 

The departments and agencies of the executive 

branch are organized along broad func t iona l  l i n e s ,  

each have a mission i n  l i f e .  The Department of Defense 

is  responsible  f o r  the m i l i t a r y  s e c u r i t y  of t h e  nation; 

the Atomic Energy Commission is responsible  f o r  the 

development and e x p l o i t a t i o n  of the new d iscover ies  i n  

nuclear  physics. 

sible f o r  car ry ing  out  the na t ion ' s  space explora t ion  

program. 

They 

NASA should be j u s t  as c l e a r l y  respon- 

Before turn ing  t o  the organiza t iona l  i s sues ,  l e t  

m e  make one more po in t  with respec t  t o  the  importance of 



an independent, c i v i l i a n  space explorat ion program. In 

my view, t h e  fundamental wisdom of the National Aero- 

naut ics  and Space Act of 1958 is enunciated i n  the very 

first sentence of the dec lara t ion  of pol icy and purpose, 

I quote: "The Congress hereby declares t h a t  it is  the 

pol icy  of the United States t h a t  a c t i v i t i e s  i n  space 

should be devoted t o  peaceful purposes f o r  the  b e n e f i t  

of a l l  mankind," 

I am convinced t h a t  space explorat ion is one of 

the most f r u i t f u l  areas f o r  agreement between ourselves 

and our p r i n c i p a l  i n t e rna t iona l  competitor. I foresee  

t h e  p r a c t i c a l i t y  of a r r i v i n g  a t  mutually b e n e f i c i a l  

understandings on the peaceful u t i l i z a t i o n  of space, 

It is  e s s e n t i a l ,  I be l ieve ,  that the bas i c  wisdom of 

t h e  A c t  be preserved. Merging the c i v i l i a n  w i t h  the 

m i l i t a r y  uses  of space is c e r t a i n l y  not t h e  way t o  do it. 

The second fundamental i s s u e  i s  whether t h e  l a w  

should prescr ibe  a simple organizat ion o r  a complex 

organizat ion f o r  space explorat ion.  The p l a i n  f a c t  is, 

our present  o v e r a l l  organizat ion is more complicated 

t h a t  it need be. Many witnesses before t h i s  Committee, 

i n  one way o r  another,  have recognized t h i s  f a c t .  
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The President  states " tha t  it i s  no longer des i rab le  

t o  r e t a i n  i n  the A c t  those provis ions w h i c h  impose d u t i e s  

of planning and detailed surveying upon the Pres ident , "  

and he concludes tha t  "the National Aeronautics and 

Space Council should be abol ished,  s ince  i t s  only func- 

t i o n  is t o  advise  the President  i n  the performance of 

those d u t i e s , "  He recognizes the  necess i ty  t h a t  "NASA and 

t h e  Department of Defense advise ,  consul t ,  and keep 

each o the r  informed with respec t  t o  space a c t i v i t i e s  

within t h e i r  respect ive j u r i s d i c t i o n s , "  b u t  he recom- 

mends t h a t  t he  A c t  "should not prescr ibe  the  s p e c i f i c  

means of doing so. I' He aff i rms t h a t  "the A c t  should 

contain safeguards aga ins t  undesirable  dupl icat ion.  , , 

i n  developing the major t o o l s  of space explora t ion ;"  and 

while he proposes the  el iminat ion of t h e  CMLC, he a l s o  

proposes t h a t  " the A c t  be amended t o  provide tha t  the 

President  shal l  ass ign  r e s p o n s i b i l i t y  f o r  the develop- 

ment of each new launch vehicle ,  regard less  of i ts  in-  

tended use,  t o  either NASA o r  the Department of Defense." 

A s  I see it, the  President i s  seeking t o  increase 

the  e f f ec t iveness  of government through a simpler, more 

f l e x i b l e  organizat ion.  I hope a l s o  t h a t  we w i l l  avoid 
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s u b s t i t u t i n g  some new organiza t iona l  complexity i n  

place of an o ld  one, 

I a m  aware t h a t  suggestions have been advanced 

w h i c h  proclaim f o r  themselves the v i r t u e s  of s impl i c i ty ,  

I am aware that  o the r  suggestions are based upon the 

assumption that  the e x i s t i n g  complexity of government 

itself r equ i r e s  an e l abora t e  governmental o rganiza t ion  

f o r  space explorat ion.  

I have examined these suggestions w i t h  an open 

mind. They appear t o  m e  t o  be insp i r ed  by s ince re  de- 

sires t o  achieve program coordinat ion among the var ious 

elements of the Executive Branch. They ea rnes t ly  seek 

t o  accelerate and improve the workings of the decis ion-  

making machinery of government. They a i m  a t  mutually 

informed cooperation among agencies and departments i n  

areas of common i n t e r e s t .  They are motivated by laudable 

desires t o  avoid a vacuum i n  the adminis t ra t ive  organi- 

za t ion  concerned w i t h  space. Thus, coordinat ion,  the 

improvement of decision-making, cooperation, and the 

f i l l i n g  of func t iona l  gaps -- these are t h e  ends. 

L e t  us look a t  the suggest ions,  o the r  than  those 

i n  H.R. 9675, f o r  achieving these ends. 



Operational coordinat ion and accelerated decis ion-  

making are found by some i n  the  idea of a czar  f o r  a l l  

the  n a t i o n ' s  space a c t i v i t i e s .  Others would achieve 

these ends by a s s ign ing  r e spons ib i l i t y  f o r  m i l i t a r y  

appl ica t ions  t o  NASA af ter  the model of the Division of 

Mi l i ta ry  Application i n  the  AEC, o r  possibly by sub- 

ord ina t ing  NASA t o  the mi l i t a ry .  Mutually informed co- 

operat ion is  found by o thers  i n  the idea of l i a i s o n  

committees, perhaps af ter  the model of the M i l i t a r y  

Liaison Committee i n  the AEC, Others f i n d  the avoidance 

of an adminis t ra t ive  vacuum i n  r e t a in ing  the Space 

Council and s t rengthening the Civi l ian-Mil i tary Liaison 

Committee i n  some form, These motives and these de- 

v ices ,  when reduced t o  common t e r m s ,  are a l l  advanced 

t o  avoid w a s t e  and achieve e f f i c i ency  -- i n  sho r t ,  t o  

g e t  e f f e c t i v e  government f o r  the conduct of space ac- 

t i v i t i e s .  The quest ion is: w i l l  they? 

Let us consider f o r  the  moment t h e  idea of a space 

czar .  The bas i c  f a c t  re levant  t o  any evaluat ion of t h i s  

idea is t h a t  only NASA and the  Department of Defense have 

clear management and opera t iona l  r e s p o n s i b i l i t i e s  i n  

space. Unlike o ther  agencies ,  such as the AEC, which 



cont r ibu te  t o  space programs, only NASA and DOD ac- 

t u a l l y  u t i l i z e  space -- t h a t  i s ,  conduct a c t i v i t i e s  i n  

it i n  accordance with t h e i r  respect ive missions.  In  

t h i s  s i t u a t i o n ,  the  only j u s t i f i c a t i o n  f o r  t he  c rea t ion  

of a space czar  is  tha t  someone o ther  than the President 

is needed t o  exerc ise  the  Pres ident ' s  u l t i m a t e  au tho r i ty  

and power of decis ion over the Secretary of Defense 

and the  Administrator of NASA. 

those who advocate the  c rea t ion  of such an o f f i c e  i n  

the  White House t h a t  t h e  President  cannot, because of 

h i s  mul t ip le  d u t i e s ,  g ive the na t ion ' s  space a c t i v i t i e s  

the a t t e n t i o n  they deserve.  I cannot accept  t h i s  

assumption, nor is there any basis f o r  it i n  the ex- 

per ience of the last year  and a half .  I have had no 

d i f f i c u l t y  i n  reaching the President  and obtaining de- 

c i s ions .  

It must be assumed by 

Let us consider  t he  idea of c r e a t i n g  i n  NASA a 

Division of Mi l i ta ry  Application s i m i l a r  t o  tha t  i n  

the A E C .  Atomic energy involves a s i n g l e  technology 

and the con t ro l  of inherent ly  dangerous physical  in-  

gred ien ts .  In  space explorat ion,  there is no basic 

material nor any s i n g l e  technology. The "monopoly" of 
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the AEC cannot be l ikened t o  space, The fact is  tha t  

NASA is not  and never w i l l  be engaged i n  manufacturing 

hardware f o r  t he  m i l i t a r y  departments according t o  

t h e i r  spec i f i ca t ions .  The r e l a t i o n s h i p  between DOD and 

the AEC's Division of Mi l i ta ry  Application is essen- 

t i a l l y  t h a t  of user  and supp l i e r ,  This r e l a t i o n s h i p  

must be d i f f e r e n t i a t e d  from the r e l a t i o n s h i p  between 

NASA and DOD, In  our case, NASA has i n  the past u t i l -  

ized launch vehic les  previously developed by the m i l i -  

t a r y ,  In the  f u t u r e ,  the m i l i t a r y  may u t i l i z e  launch 

vehic les  developed by NASA, Nevertheless, t he  respec- 

t i v e  uses  are and will be f o r  d i f f e r e n t  purposes, 

Accordingly, an organiza t iona l  u n i t  w i t h i n  NASA drawn 

along the l i n e s  of t he  Division of Mi l i ta ry  Application 

of t he  AEC is  not a so lu t ion  t o  the problems of co- 

ord ina t ion ,  decision-making, or  cooperation. 

L e t  u s  consider,  too,  t he  idea of l i a i s o n  committees. 

The f a c t s  of l i f e  requi re  l i a i s o n  i n  the space business 

a t  a l l  l eve l s ,  formal and informal, involving both 

t echn ica l  and adminis t ra t ive  o f f i c i a l s  and covering 

bas i c  pol icy ,  program d e f i n i t i o n ,  p r o j e c t  s e l e c t i o n ,  

and opera t iona l  detail .  It is  u n r e a l i s t i c  and 
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i n e f f i c i e n t  t o  compress such broad r e l a t ionsh ips  in to  

the confines of narrow channels. NASA’s r e l a t i o n s h i p  

t o  t h e  DOD is not l i k e  t h a t  of t he  AEC. This rela- 

t i onsh ip  does not pr imari ly  involve a flow of require-  

ments and spec i f i ca t ions  from DOD t o  NASA i n  order  t h a t  

NASA may perform funct ions of primary i n t e r e s t  t o  DOD. 

The r e l a t i o n s h i p  between NASA and DOD does involve the  

constant ,  r ec ip roca l  exchange of information and advice 

a t  a l l  levels .  It follows t h a t  a l i a i s o n  committee 

modeled upon the Mi l i ta ry  Liaison Committee of t h e  AEC 

would not be appropriate ,  

F ina l ly ,  l e t  u s  look j u s t  b r i e f l y  a t  the idea of 

subordinating the  agency charged w i t h  the mission of 

space explora t ion  t o  m i l i t a r y  con t ro l ,  I submit tha t  

t h i s  idea does violence t o  the bas i c  na t iona l  pol icy of 

u t i l i z i n g  space f o r  peaceful purposes. It must therefore  

be re j ec t ed  a s  a so lu t ion  t o  the organiza t iona l  problem, 

I should l i k e  very much t o  be able t o  have each 

of you t r a v e l  w i t h  m e  over the course of a major pol icy 

o r  program dec is ion ,  from proposal t o  p r o j e c t ,  from con- 

cept  t o  execution, and t o  observe f o r  yourselves the  un- 

questionable advantages of working w i t h i n  a simple 

13 
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framework connecting the Secretary of Defense and the 

Administrator of NASA t o  the President  a t  the top. I 

cannot overemphasize the importance of a s i m p l e  tri- 

angular  s t ruc tu re .  But, lest it be thought that the 

s t r u c t u r e  proposed i n  H . R ,  9675 is too  streamlined, l e t  

m e  say t h i s :  A l l  of us recognize the need f o r  c ros s  

f e r t i l i z a t i o n  among t h e  sciences,  and a l l  of us  recognize 

the need f o r  br inging  divergent  views t o  bear upon the 

formulation of pol icy.  

avoid func t iona l  gaps. However, one cannot be assured 

of br inging  toge ther  the r i g h t  people a t  the right time 

and under the r i g h t  circumstances by c rea t ing ,  w i t h  the 

f i n a l i t y  and formal i ty  of a s t a t u t e ,  a cza r ,  o r  a 

counci l ,  o r  a committee, o r  a d iv i s ion ,  which cu t s  across  

the func t iona l  l i n e s  of NASA and DOD, o r  w h i c h  is not  

responsive t o  management, 

A l l  of us recognize the need t o  

During t h e  past f e w  months, as the tempo of space 

opera t ions  has increased, we  have been very conscious a t  

management l e v e l s  i n  NASA and DOD of t he  ex is tence  of 

special areas requ i r ing  mutual considerat ion and j o i n t  

planning, These areas are c l e a r l y  i d e n t i f i a b l e ,  They 

include launch vehic les ,  launch pads, and support  of 



Project Mercury, among others. To date, the means of 

coordination, cooperation, and decision-making i n  such 

areas have been on an ad hoc basis. We have, however, 

now taken affirmative s teps  t o  create what may be called 

an "Aero-Space Act ivi t ies  Coordinating Board," with the  

Deputy Administrator of NASA and the Director of Defense 

Research and Engineering as the permanent co-chairmen. 

These men would be assisted by o f f i c i a l s  from each agency 

as may be appropriate f o r  the problem a t  hand. You may 

recall that the Deputy Secretary of Defense, Mr. Douglas, 

when he appeared before t h i s  Committee, described the ad- 

vantages of such a board. The board w i l l  be able t o  

take ef fec t ive  action by v i r tue  of the authority of the 

two co-chairmen. 

Gentlemen, I respectfully submit  that  the present 

l eg i s l a t ive  need is the achievement of simplicity of 

organization and c l a r i f i ca t ion  of respons ib i l i t i es  for 

space activit ies.  I strongly urge t h a t  t h i s  be accom- 

plished by enactment of H.R. 9675. 

I& m e  close with a s ingle  observation which in- 

escapably pervades the whole space business. As one who 
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has been able t o  observe f irst  hand the education of 

the next generation i n  the USSR, I have no doubt that 

they are motivated by a desire t o  "beat America." A l l  

I can say to you is ,  I am motivated by a desire not t o  

be beaten. 

NO. 60-163 
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FOR RELEASE: Released to wire services 
RELEASE NO, 60-164 April 4, 1960. 

NASA AND ITALIAN SCIENTISTS TO CONDUCT 
ATMOSPHERE STUDY 

The National Aeronautics and Space Administration announced 

today that as a part of a cooperative program, it will conduct 

studies of the upper atmosphere with the Space Commission of the 

Italian National Research Council. 

The program will be carried out with sounding rockets from 

an Italian launching site on the island of Sardinia. It is 

hoped the launchings may be coordinated with the International 

Rocket Week scheduled f o r  September 1960. 

According t o  the understanding reached by the two organi- 

zations, the Italian Space Commission will provide the rockets 

and launching facilities, and the NASA will furnish the instru- 

mented payloads. 

The NASA-Italian program is one of a series of cooperative 

international programs being developed by NASA. 

A l l  scientific data obtained in the course of this program 

will be made available to the world scientific community. 

- END - 
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FOR RELEASE: Wednesday Apri l  6, 1960 
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RELEASE N O .  60-165 

PIONEER V AT 3.5 MILLION MILES 

Pioneer V whizzed by the  3.5-million-mile mark early today, 

apparent ly  bent on proving that it w i l l  eventual ly  outrace man's 

a b i l i t y  on the ground t o  communicate w i t h  it. 

A 60-foot t racking antenna a t  South Point,  Hawaii, i s  

beginning t o  have t rouble  "reaching" Pioneer V. The 94.8-pound 

interplar le tary s a t e l l i t e ,  however, i s  responding i n s t a n t l y  t o  the  

commands of a 25O-foot d i s h  a t  Manchester, England. A l l  experiments 

are working w e l l .  

H a w a i i ' s  problems i l l u s t r a t e  the d i f f i c u l t i e s  of deep space 

communication and how tracking performance i s  t i e d  t o  the s i z e  

of antennas.  Manchester, t ransmi t t ing  commands t o  the  probe a t  

~ j 0 0  - . , ; ~ t , t ~ ,  i s  having no d i f f i c u l t y  turning the  probe on and o f f .  

However, Hawaii, w i t h  i t s  60-foot d i sh  t ransmi t t ing  a t  up t o  16 

t imes the  output of the  Manchester d i s h  o r  8,000 watts, must 

repeat  i t s  commands several  times before the  probe responds. 



-2- 

The tracking fraternity likens the operation to the focusing 

of a. flashlight: a larger reflector is better able to concentrate 

Its energy beam. The British dish, at 250 feet, is the largest in 

the Free World. 

Meanwhile, Hawaii yesterday was forced to suspend operations 

for ground transmitter repairs but is expected to resume tracking 

operations this evening. 

The probe is still transmitting to Earth on its 5-watt 

transmitter and will continue at the 5-watt level for several weeks 

as long as payload performace and signal quality remain high. 

Within probably the next six to eight weeks, an attempt will be 

made to turn on the probe's high-powered 150-watt transmitter., 

A l l  of this, of course, is predicated on the lifetime of 

the electronics. As yet, the 150-watt unit has not been tested in 

space. The feeling is why jeopardize the good quality of the 

5-watt unit until absolutely necessary. 

In the first 26 days of flight since its March 11 launch, 

Pioneer V has returned more than 60 hours of telemetry, averaging 

more than two hours a day. 
Battery temperatures rose markedly yesterday when Hawaii 

dropped out. Due to battery overcharge, temperatures hit about 

100 degrees F' .--about 20 degrees above normal. When stations don't 

interrogate and thus drain the batteries, the charge builds and 
so does the temperature, This 100 degree temperature levelg 

however, is not considered critical, It could rise to as muoh 88 

~ . .  . _ .  . . . .. . . ... ..l.l . . . . . . -. .. . , 
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120 degrees F. before a charge-reducing c i r c u i t  i s  designed t o  cu t  

i n  and d r a i n  the  b a t t e r y  charge overload. Should Hawaii ever  drop 

out  completely, the in t e r roga t ion  schedule could be ad jus ted  so 

Manchester would "play" the  probe f o r  t h e  usual two hours-plus 

d a i l y .  

t h e  4800 s o l a r  c e l l s  i n  t he  p robe ' s  fou r  paddles are doing t h e i r  

job w e l l ,  pu t t i ng  about 16 watts i n t o  t h e  bat ter ies  cons tan t ly .  

The temperature r i se  does demonstrate dramatical ly  that  

A s  of today, Pioneer V i s  gradual ly  speeding up a f t e r  f a l l i n g  

o f f  t o  a v e l o c i t y  low of about 5,360 m i l e s  per  hour r e l a t i v e  t o  

t h e  Ea r th .  

ahead of  the  Ear th  on i t s  o r b i t a l  t r a c k  between Ear th  and Venus. 

Based on abundant and highly accurate  i n i t i a l  t rack ing  data, t h e  

p robe ' s  speed i s  known t o  w i t h i n  1.5 f e e t  per  second and i t s  

pos i t i on  t o  w i t h i n  300 m i l e s .  

As it speeds up, gradual ly  it w i l l  start pu l l ing  

A long-range pro jec t ion  of the  Pioneer V t r a j e c t o r y  shows that  

t he  probe and E a r t h  w i l l  n o t  come any c l o s e r  t h a n  16 mi l l ion  miles  

of each o the r  before November 4, 1965. Meanwhile, t h e  two w i l l  

be farthest  poss ib le  d is tance  apart -- 183 mi l l ion  miles -- i n  

September 1962. 

Because of the e c c e n t r i c i t y  of t h e  probe o r b i t ,  Ear th  and 

probe again w i l l  come w i t h i n  15.6 m i l l i o n  miles  i n  Apr i l ,  1966. 

From then on t h i s  p a t t e r n  w i l l  r epea t  i t s e l f  every 5.8 years  w i t h  

the  d i s t ances  s l i g h t l y  d i f f e r e n t  each time. 

A probe-Earth d is tance  c l o s e r  than the  1966 approach w i l l  

not occur u n t i l  1989, when the two w i l l  come w i t h i n  two mi l l ion  

miles of each other ,  according t o  present estimates. 
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The probe-to-Venus dis tance w i l l  grow less unt i l  September,l961, 

when the  two w i l l  be separated by 22 mi l l ion  miles. 

the  probe w i l l  be 150 million miles from Earth. 

At that t i m e ,  

The probe and Venus w i l l  come within 15 mil l ion miles i n  

November, 1963. In February, 1966, the probe w i l l  be roughly 

equidis tant  between Venus and Earth, about 20 million miles from 

Ear th  and 26 mAllion miles from Venus. Greatest dis tance the  

probe w i l l  ever  get from Venus i s  160 mil l ion miles. 
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RELEASE NO. 60-166 

NASA AWARDS FIRST HONORAKY SERVICE EMBLEMS 

The National Aeronautics and Space Administration today 

awarded official honorary emblems for Government service t o  

312 employees at the NASA Headquarters. The awards were the 

first issued since NASA came into existence on October 1, 1958. 

Several thousand other NASA employees will be similarly recognized 

for their services at presentation ceremonies t o  be held at 

field installations later this month. 

Heading the list of recipients at ceremonies held in 

Washington this afternoon was Dr. John F. Victory, Assistant t o  

the Administrator, with over a half-century of service. Dr. Victory, 

the first employee of NASA's predecessor, the National Advisory 

Committee for Aeronautics, was cited for ' '50 years of leadership 

in this nation's aeronautical development". In presenting the 

award, Dr. T. Keith Glennan, Administrator, said, " . . .throughout 
this long career, he has selflessly devoted his time, his untiring 

energy and his outstanding ability t o  the Federal Government and 

its aeronautical programs .... this certificate is awarded t o  one 

who truly merits the title 'public servant'". 

. .  . .. - ~. . . . . . . . . 
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Cited f o r  more than 40 years of Federal  s e rv i ce  were 

D r .  Hugh L. Dryden, Deputy Administrator of NASA, 42 years ,  

13 with NACA and NASA; and Miss Catherine Wheeler, Assis tant  

t o  the  Director  of Advanced Research Programs, 41 years  of 

se rv ice ,  a l l  wi th  NACA and NASA. 

Honored f o r  30 years of Government se rv i ce  were: I ra  H ,  

Abbott, Director  of Advanced Research Programs; Mrs. Alexandrine 

Johnston, Administrative Assis tant ,  Technical Information Division; 

Robert E. L i t t e l l ,  Assis tant  t o  t h e  Director  of Advanced Research 

Programs; Thomas T. Nei l l ,  Technical Assis tant  (Research Publica- 

t i o n s ) ;  Gerald D, O'Brien, Assis tant  General Counsel f o r  Patent 

Matters; Richard V. Rhode, Assis tant  Director  of Research f o r  

S t ruc tu res  and Operating Problems; Addison M. Rothrock, S c i e n t i s t  

f o r  Propulsion; D r .  Abe S i l v e r s t e i n ,  Director  of Space F l i g h t  

Programs; and Mrs. Virg in ia  Walker, Management Analyst, 
- t  

Other employees were c i t e d  as follows: 45 for 20 years  of 

service;  111 f o r  15 years  of service;  41 f o r  10 years  of service;  

and lo3  f o r  one yea r  of se rv ice .  Among those receiving t h e  

award f o p  one y e a r ' s  s e rv i ce  was D r .  Glennan who was appointed 

Administrator on August 18, 1958. 

- END - 
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Statement by T. Kei th  Glennan 
Administ r a t o r  

T i ros  I, the  U. S. experimental meteorological 

sa te l l i t e ,  had been i n  o r b i t  a f u l l  week a t  6:40 a.m. 

EST today (Friday, April  8 ) .  During t h i s  period, i n  

which T i ros  had accomplished 101 t r i p s  around the  

world a t  an a l t i t u d e  of about 450 miles, hundreds of 

p i c t u r e s  have been t ransmi t ted  e l e c t r o n i c a l l y  t o  ground 

receiving s t a t i o n s  a t  the Research and Development 

Laboratory of  t h e  U. S. Army Signal Corps a t  For t  Mon- 

mouth, New Je rsey  and a t  the Kaena Point s t a t i o n  i n  

H a w a i i ,  operated by Lockheed for t he  A i r  Force. 

To date t h i s  meteorological experiment i n  space 

has performed exceedingly w e l l .  W e  have, i n  f a c t ,  been 

embarrassed by the wealth of photographic material which 

has been received. The p lans  whereby thcsc: j ) : ~ t ~ ; : r ~ , ~ u ~ ~ z  

r e s u l t i n g  from this experiment could be made zlvaiI;r.blc 

t o  t h e  experts f o r  study have had t o  be modified to speed 

up the  processing of the film and preparat ion of p r i n t s .  
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L e s s  than t w e l v e  hour’s after Tiros w a s  launched 

from Cape Canaveral, NASA made available t o  t h e  world 

four  photographs taken by t h e  so-ca l led  “ l o w  resolu- 

t i on”  camera, and l e s s  t h a n  twenty-four hours l a t e r ,  

two photographs t a k e n  ly the  ”h igh  resolu.tion” camera 

were similarly made public.  

I n  t h e  brief period s i n c e  then, poss ib le  confusions 

appear to have deweloped, respecting t h e  purposes t o  be 

served by the  T S r a s  1 experiment. These confusions 

may have occumecl because of t he  excitement within the 

National Aeronautics and Space Administration and the 

many o t h e r  groups cooperating i n  t h i s  pro jec t .  And con- 

fusions a l so ,  I am sure, because of  t h e  demands made by 

the  p re s s  f o r  materials at a rate t h a t  f a r  exceeded our 

a b i l i t y  t o  s a t i s f y .  It i s  not every day t h a t  t h i s  kind 

of  h i s t o r y  i s  made, 

To c l e a r  up posslble misunderstandings, what follows 

i s  a b r i e f  account of ProJect Tiros and of t h e  procedures 

t o  insure maximum beneficlal  r e s u l t s .  

The descr ip t ion  of t he  cameras and how t h e  system 

was supposed t o  operate w a s  stated a t  the t i m e  o f  launch 

as follows:- 

The two Tiros TV cameras d i f f e r  i n  coverage and 

resolut ion.  The wide-angle camera, a t  400 miles a l t i t u d e ,  

i s  designed to cover an area of cloud cover roughly 800 

miles on a side, The narrow-angle camera w i l l  photograph 

1t 



ii siriallcr area loca ted  within a wide-angle cmcr:L' o view.  
11 i h :  narrow angle camera p i c tu re s  cover 80 mi.Lc:: on a s i d c .  

" Iden t i ca l  except for lens  equipment, the  ciiincra arc 

both  the s i z e  of  il water g l a s s  and use a $-inch Vidicon 

tube e spec ia l ly  designed f o r  s a t e l l i t e  use. 1Sach camor;: 

cons i s t s  of two p a r t s :  a Vidicon and  it foca l  p l a n e  

s h u t t e r  which permits s t i l l  p i c tu re s  t o  be  s t o r e d  on the 

tube screen, An e lec t ron  beam converts t h i o  s tored pic-  

t u r e  i n t o  a TV-type e l ec t ron ic  s i g n a l  which c m  be  t m n s -  

m i t t e d  t o  ground rece ivers ,  

"These are some of t h e  c h a r a c t e r i s t i c s  of th,? cmeriiS-- 

l e n s  speed: wide angle - f/l.5, narrow angle - f/l.3; 
s h u t t e r  speed: 1.5 m i l l i s e c ;  l i n e s  p e r  f ranc :  500: fi-:).n:es 

per second &; video bandwidth: 62.5 itc. 

Connected t o  each camem i s  a r1iai;neLic tape recorder. I t  

Out of ground s t a t i o n  range, T i r o o  can reco$d up t o  32 

photographs on t h e  s torage tape for l a t e r  relay. O r ,  

picbure data from the  cameras can by-pass thc tape and  bc 

t ransmit ted d i r e c t l y  t o  the  ground when t h e  satcl l i 'ce  i s  

within range of a s t a t i o n .  The Mylar-base tape i s  LIOO f e e t  

long  and moves 50 inches p e r  second durdng recording and 

playback, 

rricnt operate independently of one another. 

The two TV systems and t h e i r  assoc ia ted  cquip- 

"Photo data are t ranmi i t ted  from otic ctu;ie~h a t  ii time. 

Tupe readoui; from boLh cameras w i l l  t a k e  3b minutes ,  The 
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sa te l l i t e  will be within transmission range of ground 

s t a t i o n s  up t o  12  minutes. T h i s  means tha t  the s a t e l l i t e  

can t ransmi t  d i r e c t l y  up t o  4 minutesoof photo data col-  

l ec t ed  while w i t h i n  range of t h e  acqu i s i t i on  :ittLlon. 

Connected t o  each photo system i s  a 2-watt FIrI trans- 

mit ter  operated a t  a nominal frequency of  235.00 mc W i i C h  

will relay p i c t u r e  i n f o m a t i o n  on ccmmand t o  ground 

s t a t ions .  

One p iece  of information NASA d i d  not  attempt t o  

give,  e i t he r  i n  the material released a t  the time of 

launch or a t  t h e  p re s s  conference held less than f i v e  

hours afterwards, was the kind of detai l  that  would be 

shown i n  the p i c t u r e s  produced by both cameras. The 

reasons for not doing so were, i n  m y  opinion, both un- 

derstandable and va l id :  - I n  the  first place, even the 

photographic experts have great d i f f i c u l t y  i n  explaining 

i n  non-technical language the var ious f a c t o r s  t ha t  are 

involved i n  s t a t i n g  how detailed a p i c t u r e  may be,  I n  

the second place,  we f e l t  then, and s t i l l  do, t ha t  the 

best way t o  descr ibe t h e  na ture  of the p i c t u r e s  i s  t o  

make them publ ic ,  f o r  everyone.,.the exper t s  and the  

non-experts. . . t o  see. 

Another point on which t h e r e  appears t o  have develop- 

ed some misunderstanding i s  whether the  photographs, from 

e i ther  the wide angle "low reso lu t ion"  camera o r  t h e  

narrow angle "high reso lu t ion"  camera, were c l a s s i f i e d ,  



As I I t>d i < * : i t  c ~ t l  o;t r ' I  i ( x r * ,  w o  w ( x r p  r i o t ,  :;uw w h n  1. I{ I r i d  

of' j nt'o n n ; i  t, i o n  ; I  b o u t  c 1 r l i i { l  c:ovPr' i r )  v:) r.1 011:: p i  1 % : :  of' t h c  

world OUT' c ; i ~ n r r a n  would j i r r ) v i d e ,  'rhe 'I'1 ros experiment, 

was deslgncd spccif 'Pca I l y ,  and :;olely, t o  o b t a l n  phoi,o-- 

graphs of' c loud formatioris a round  the wor ld ,  The sysbem 

was designed t o  g i v e  suf ' f  i c l e n f ,  photographic sharpness,  

both frrlrn t h e  wide angle and narrow angle  cameras, t o  

i d e n t i f y  c l o u d s  wh i c h ,  because t h e y  ref 1 cct t h e  sun, 

could be expected t o  show u p  w e 1  1 The system was not 

intended t o  pick up d e t a j l  on t h e  e a r t h ,  whlch shows up 

da rk ly  .In comparison b t h e  c l o u d s .  

The  on ly  way wc could t e s t  the worklng of  t h e  cameras 

before sending them i n t o  space ... and t h i s  obviously was 

something less t h a n  a half-way measure...was t o  simulate 

on t h e  ground t h e  k i n d  of' p i c tu re  w e  mlght  expect T i ros  

t o  t a k e .  T h i s  experiment gave us  evidence that  w e  would 

be able t o  recognize clouds but l i t t l e ,  i f '  anything, more. 

Every p i c t u r e  t h a t  T i ros  has t a k e n  which has been 

processed t o  date  i s  ava i l ab le  f o r  inspec t ion  by t h e  p r e s s  

t h i s  morning a t  NASA Headquarters. There are several 

hundred of these p i c tu re s ;  they w i l l  be projected from the 

rolls of 35 mm f i l m ,  the  form i n  which they are "captured" 

on readout a t  t h e  receiving s t a t ions .  

These p i c t u r e s  a11 are from the  For t  Monmouth s t a t ion .  

The p iu tu res  from t he  Kaena Point receiving s t a t i o n  have 

not y e t  a r r ived  i n  Washington for processing. The f i rs t  

.. . -...""I.._ _-.".-I. . . _." . . .. . .. . . . . .... I . . . .. . . .- . ." - . 



shipment w a s  a j  r m a J  led l’rorn Ilaw:~i I Cdedne:;day. I\:; soon 

as they have been processed, t,ht.y, too ,  w i l  I be similarly 

ava i l ab le  upon request - probably t h e  f l r i r z t  of‘ t h e  week. 

I n  addi t ion,  pr.i.nts of about a dozen of the wide- 

angle camera p i c tu rc s ,  o n e s  that; show recop~~izab1.e area:: 

of the  earth, are available. P r f - n t s  of o the r  p i c t u r e s  

taken by the  narrow-angle camera also a r e  aliailable. 

One f i n a l  point .  NlA,’;A has repeatedly said t h a t  t he  

T i r o s  I experiment, i s  woricing successfull.y and w e l l .  That 

statement stands.  flowever, slrice :;aturday evening the  

clock timer which commands the  photo s torage tape recorder  

f o r  t he  narrow angle camera has n o t  been functioning 

properly. A s  a consequence, s i n c e  then, t he  photographs 

taken by that  camera have had t o  be l imited t o  those 

taken upon d i r e c t  command by e i t h e r  Fort  Monmouth or 

Kaena Poin t  and received d i r e c t l y  (without going onto  

t h e  tape  recorder  for storage)  by e i t h e r  of those s t a t ions .  

- - ... . . . , . . . . . . . . . . . .- .. . . , _. . _I._ , . I... .. .. , . . . . .. . . . 
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FOR RELEASE: IMMEDIATELY 
RELEASE NO. 60-169 Apri l  13, 1960 

PROJECT MERCURY TRACKING STATION TO BE LOCATED IN MEXICO 

The National Aeronautics and Space Administration announced 

today that Mexico and the United States jointly will establish a 

tracking station for Project Mercury, the manned satellite 

program. An agreement for this purpose was signed by the two 

nations yesterday, April 12, at 7 p.m., EST, in Mexico City. 
The station will be located near the city of Guaymas on 

Mexico's West Coast. I ts  cost is estimated at about $2,25O,OOO. 

Construction of the facility is scheduled to begin shortly. 

The establishment of the Mexican facility adds another 

important link to the world-wide tracking network f o r  Project 

Mercury. Ground stations will have the responsibility of 

accurately tracking the capsule in orbit and recording telemetered 

data on capsule performance and astronaut reactions, as well as 

maintaining communications with the astronaut. 

Facilities at the Mexican tracking site will include tracking 

radar, telemetry receiving equipment, and radio equipment for direct 

voice communication with the astronaut. The telemetry equipment will 

be used f o r  gathering data on the physiological Condition of the 

~ . ~ .._.I._.._._.I. . ' . . . -. . - . . . . . . . .. - .  - . , .. ..- ... , . _ _ _  , . .. 
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as t ronaut ,  t h e  condition of t h e  l i f e  support system wi th in  t h e  

capsule, and f o r  measurements on t h e  capsule i t s e l f .  

Present NASA schedule f o r ' t h e  f i r s t  o r b i t a l  f l i g h t  of an 

as t ronaut  i s  i n  t h e  l a t t e r  p a r t  of 1961. 

- END - 
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April 21, 1960 * 

RELEASE1 NO. 60-170 
DU 2-6325 

100-FOOT SPHERE LAUNCHING IN MAY 

The attempt to launch a 100-foot inflatable sphere as a 

communications experiment is now scheduled for May 5, the 
National Aeronautics and Space Administration said today. 

The date is being made public two weeks in advance of 

launch to allow volunteer pyoject participants adequate time for 

preparations. 

NASA announced plans for the experiment -- Project Echo -- 
in December (NASA Release No. 59-261 - 12/7/59), to give interested 

scientists sufficientnotice to plan experiments involving the 

sphere. 

The launch is planned for a time of day so that the 

inflatable sphere, made of highly reflective aluminum, will remain 

in continuous sunlight for about two weeks. 

A three-stage Delta vehicle will attempt to inject the 

sphere into anorbit southeast from the Atlantic Missile Range, so 

that the orbital plane will be inclined about 4 8 O  from the equator. 

It will be aimed for an altitude of about 1,000 miles. 

No radio tracking beacon will be attached to the sphere. The 

third stage of the launch vehicle will carry a transmitter which 
$ 

. ... - . .. . .. . .-- .- . . . . . - , .  - .. , , . I . .. . .. . . 
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w i l l  broadcast  a t  108.06 MC f o r  e ight  o r  t e n  days, the  expected 

l i f e t i m e  of i t s  b a t t e r i e s .  

I n f l a t i o n  of the bal loon w i l l  be by re$iUual a i r  remaining 

i n  the folded sphere and by about 30 pounds of sublimating powders 

i n s i d e  i t .  Water vapor w i l l  not be used. 

-END- 

, .- 
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NASA Pushes Electric Rocket Development 

The National Aeronautics and Space Administration today 

selected Avco and General Electric Co. to do engineering and 

preliminary development studies on an electric rocket engine. 

Such engines show promise of one day powering space- 

craft on interplanetary missions by supplying a small but steady 

amount o f  thrust (about a half a pound) over a period of months. 

The electric propulsion unit -- probably about the size of a 
standard thermos 'l->ttle -- would require an auxiliary electric- 
generating plant, l i l  all likelihood a nuclear system such as 

SNAP 8 which is now entering development, 
Avco and GE were amoung eight companies submitting pro- 

posals for a 30-kilowatt plasmajet engine. 

were selected f o r  contract negotiations because their proposals 

offer "promising and different approaches to the problems this 

system presents," said T. Keith Glennan, NASA administrator. 

The two companies 

Principle of  the system calls f o r  passing a propellant 

gas such as liquid hydrogen through an electric arc, 

electricity heats the gas up to 4,000 degrees before the gas 

The 
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escapes through a rocket nozzle, producing thrust. 

A major plasmajet problem is the development of electrodes 

capable of operating reliably for two months o r  more. 

A plasmajet system will be three to four times more 

efficient than the most advanced chemical propulsion systems 

now in development. 

A plasmajet appears ideally suited t o  operations in the 

weightless environment o f  space. It would be installed in a 

spacecraft and turned on when the craft is in orbit, to power it 

on a deep space mission. It is not intended for use as a launch- 

ing vehicle from Earth because of  thrust-to-weight ratio 

limitations, 

This is an area of advanced technology where many of I I  

the technical problems and optimum solutions are not defined by 

firm experimental evidence," Dr. Glennan said. "Thus we are 

experimenting with competitive approaches. 11  

One of the basic differences between the two industry 

proposals selected is in the engine-cooling arrangement. 

Assuming successful negotiations, the two companies wSli 

build and operate "breadboard" models of the engine in a one-year 

research program. If enough information is available at that 

time, a decision on development o f  a flight prototype may be 

made. Cost o f  the year-long investigation will be roughly 

$500,000 or about $250,000 to each company. 

- END - 
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NASA BEGINS NEGOTIATIONS FOR SUNFLOWER I 

The National Aeronautics and Space Administration w i l l  

negot ia te  w i t h  t h e  TAPCO Group of Thompson-Ramo-Wooldridge, 

Cleveland, Ohio, t o  develop Sunflower I, a s o l a r  a u x i l i a r y  power 

system for spacec ra f t .  

The system w i l l  be designed t o  generate  3,000 w a t t s  of 

e l e c t r i c a l  power cont inua l ly  for a one-year period and has 

p o t e n t i a l  uses i n  s a t e l l i t e s  and i n  l una r  o r  p lane tary  spacec ra f t ,  

It w i l l  weigh about 700 pounds and could f i t  w i t h i n  nose f a i r i n g s  

which could be used on Centaur o r  Saturn launch veh ic l e s .  

The system c o n s i s t s  of a l a r g e  foldable  s o l a r  c o l l e c t o r ,  a 

b o i l e r  which uses  s o l a r  energy t o  b o i l  l i q u i d  mercury, a 

turbogenerator  d r i v e n  by t h e  mercury vapor t o  produce e l e c t r i c a l  

power, and a condensor-radiator t o  d i s s i p a t e  hea t .  

The petal- type s o l a r  c o l l e c t o r  i s  folded during launch and 

then unfolds t o  a diameter of about 32 f ee t .  It i s  parabol ic  i n  

shape similar t o  an automobile head l igh t  r e f l e c t o r .  

The o the r  components are mounted on a t r i p o d  about 20 f e e t  

high i n  the  center  of t h e  mirror  topped by t h e  b o i l e r  i n t o  which 
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the reflector concentrates solar heat. Mercury, vaporized in the 

boiler, flows to the 30-pound turbogenerator which is a modified 

version of the SNAP-2 unit under development by the Atomic Energy 

Commission for use with a nuclear reactor heat source. 

The large cdndensor-radiator converts the mercury vapor back 

into liquid by radiating heat into space and will be capable of 

operation in weightless conditions. 

A l s o  included in the Sunflower I system is a thermal energy 
storage unit which would permit continuous power output even when 

the spacecraft is in the earth's shadow. 

For use in space, Sunflower I would require use of a sun 

orientation and attitude control device to point the solar 

collector toward the sun with less than one degree deviation. 

The proposal selected as a basis for negotiation was one of 

23 submitted by industry for development of Sunflower I. 

Thompson-Rams-Wooldridge estimated that the cost of development 

of this system would be $4.9 million. 

-END- 
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Those involved i n  planning space foods for future astronauts have been 
reqdred t o  consider three difficult problem areas: 

1. Space, lunar and planetary environments 

2. Length of flmt 

The most severe environmental stress problem that w i l l  affect otpr 
selection of space diets for the astronaut is  the unearthly gravity conditions 
t o  which he w f l l  be exposed. Gravitational conditions of less than 1 g are 
difficult, i f  not bqossible, t o  simulate for long periods of time here on 
earth. Our input of Wormation on the physiological and psychological 
problems pertaining t o  food ingestion i n  thls environment must be extra- 
polated from short term weightless experiments i n  aircraft  and from anlmal 
space f l i gh t s  such as with Able and Baker, with the Russian dog Laika unti l  
we have actually achieved manned space flight. 

I 

The worst problems facing food technologists i n  keeping the astronaut 
alive for prolonged periods i n  a weightless environment include: 

1. Possibility of regurgitation or insufflation of volatiles, 
or particles 02 food and fluids. 

2. Mechanics of eating. 

3. H s l s d l f n g  rpfwetstes. 

4. StorIng and preparing fods .  

dLL.%hqh all of the abwe may prove t o  be difficult  the most severe 

A training 
The eon- 

Solid hauIlRn 

from a phys&ologicaJ. point of view, appears t o  be concerned with food 
lcdgw in the throat or entering the lungs by insufflation. 
period may enable the astrom-b t o  prevent such occurrences. 
sistency of food must be such as t o  minimize this hazard. 
wastes can be reduced by the selection of foods that are c q l e t e h y  
asssimiklatd. The Armed Services have conducted tes t s  which slaw %ha,% the 
use of such foods producing no solid wastes for periods of t h e  up t o  a 
month, have no adverse phy-ssiologieal effects. 
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SurvivaJ. of man i n  space with a degree of performance e m  be 
aecaplished for a few days with adequa%e water and 100 peuns sf carbo- 
m a t e  a day, A t  least it hdaaJ been ah- that %his arnmnt of f& WfU 
reduce urine volume, prevent htoois ,  and pmai% coordination, As l i t t l e  
as 580 calories of carbdrrydmte w%th 4.5 g r a m  of salt and a v i t d n  
supplement will maintain the capacity for work for 12 d 8 .  Doubling the 

deterioration fn pu.hmwy mn%iBatfm, mygen debt, and pulse rate re- 
sponses. If weight loss does not exceed lO$ dwing this t- performance 
capacity is w e l l  apafntafned. 

amount of calories w i l l  maintain capacity for mrk for Y 2 days without 

Adding fat and protein t o  a ra%%on a t  %ME) calorie level appears t o  
accomplish l i t t l e ,  partEcPnlarv ~ 5 t h  lfnfted wwber. 

E i g h t  or nine bundxed ccihorie~a a day off carbohydrate plus water 
represents indeed a caaprau%se with m t r i t ? L d  adequacy, but if the 
payload reduction nust be taken fsm food, t h i o  wcmLd be ta feasible 
consideration . 

What WlU be the role of dehy&a%ed foods in space diets? 6n manned 
space flight up t o  several mnths duration it is very probable that de- 
W a t e d  foods w3.U be used exclusively or a supplenentary for the diets 
of future astronauts. I n  early manned space f%;Lght %he regeneration of 
dehydrated fogdea wffl be carried at by waeer taken along for this purpose. 
As the flf@;ht;ss beccm longer fn duration the eight t o  nine pcmnds of 
water recpired for drimng; and Pegenertatbg focde w i l l  be too exgensive 
fn terms of rocket engine and %SneP we%&&. A t  thfs point we w i l l  be 
required t o  regenerate part, mil. event- alf, waste water. IllAsjR 
recently init iated a prodeet wdth the General Electric Company t o  refine 
a process for recovering p&&Pe water fsm condensed water vapor and 
other human waste water. In3,tiaJ r e d t s  reporbed on this process which 
uses a cmibined dr9stUatim ana cadxCLya;ed pyroa;YPDbs are encmMiw. 
Pure, patable water is obtdaed w%th rehtbvely sImp3.e equipment. Solar 
energy collectors wiU q a ; Y  the necessary he& reqtxlred for t h h  purifi- 
cation process . 

Length of fl-t %fine and place of flight %e inpartant because this 
determines the fuel reqpiremente. !!?he more a m a l e  paylOaa e-nded for 
food the less available for equ%pmentto c a r ~ y  out the scientific and 
technical objectives of the mfosfon. The we%ght re@rements for f W ,  :' 
oxygen and water w i l l  limft mf~n~s u s e m e s s  in fu%mre space exploratims 
unless, thrwgh research and develupnent, we are &le t o  m i t e  several new 
chapters on the tecbolwg of foods:. 
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Suggested t i t les for these new dhispLers might be: 

1. "Use of food as radiation, temperature and structwrcil. 
materials in space vehicles". 

2. "Wthcds for processing haunan wastes t o  obtain man's 
input requirements for food, oxygen and. water". 

With regard t o  the first cb&er we know by inspecting the caqmsition 
of fsod that its rfch hydrogen and cwbon content make it an excellent 
shield aga.inst iSaizbg radiation. Without maklng an effort t o  go intS 
detail  regardiw the radiation i n  space 1 would lfke t o  mention several 
types that me of concern i n  manned space flights of the future. 9!hese me: 

1. Ekimry c d c  radiation. 

2. Van m e n  rediatim belts around earth. 

3. Solar flares. 

Primary cosm%c radiations have awide range of energies. 
-- v i r t w U y  i q w s i b l e  t o  shield against the higher energies. Fortunately, 

the dose that an astronaut would be exgected t o  receive fromthis radiation 
is law (about .2 roetgen per year), so we are not concerned Kpth stopping; 
rrzdiatisn of this type. 
tragped radiation belts a r d  the ewth discmered by D r .  James S. Van Allen. 
Although more needs t o  be learned &aut the canfiguration of these belts an8 
the energy spectrum of protons and/or electrons, it is  now believed tbt a 
moderate emaunt of shield.ing can stop this radiation. 
kydrogenw content WU ma,k@ an effective shield. It has been suggested 
that in manned nissicms thrmgh these belts that the fwd can provide the 
necessw gr&eetive shield wlhile on his r e k r n  t r i p  the solid and li@d 
human was-ks generated may s e m  the sane purpose equally well. 
e&ent t o  which solar flares are 8 hazard is largely con,jectme at this 
time because their fiememy in space and characteristics are not w e l l  de- 
fined. It is probable, however, that the shielding used t o  protect the 
astronaut aga?lnst the Van Allen trapped radiation w i l l  also be of the 
stme order 0% magnitude mded t o  pra ted  the astronaut fk.m the radierj;icm 
i n  S W  m e a .  

It is 

The second radiation hazard i n  space is the 

Fosd, with its 

The 

On an eqyal. weight basis food is a better shield against ionizslg 
radiation than l e d .  The attached Figklre gives the electron and proton 
penetra-bion for elemn%s of various atanic numbers. 
this plat  that food with its high l.lydrogen and csrbsn content w i l l ,  on 

It is clear frgn 
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a weight basis, be a much more efficient shield than heavier elements, 
The use of a light lWzerial meh as fwd wlouLd be particularly ad- 
vantagems for shieldin@: the astronaut againat eleetrona since the 
secondary Bremsstrahlung prduced by nuclear internactions is mch less 
than denser nzateriab. Litt le or no special fabrication will be required 
as long as the maxhum 8mmt of material. is placed between the radiation 
source and the astronaut. It can be said with cmf'idence that i f  his 
food and water sqpplies prove inadequate for protection agajnst IxmrfW. 
ionizing radiation, it is unlikely that man w i l l  be used i n  future space 
explorations because of weight limitations of shielding, 

The use of debydmted fwd for a heat shield is  promising beeawe 
of the excellent thermal prsrpesties of its carbw content, 
are a namiber of possible ways of designing heat shields this possible 
application wil l  eventually require investigation by specialists i n  
this field. 

Since there 

We will not be able t o  af9wd the lwnuy of wrapping f&s in  papr ,  
plastic, OT wing metal containers. If a cwtainer is used it too must be 
edible, The! reason far this becanes clew when we consider the fact that 
t o  place one paund of fsed on the moon requires lo00 pcmds of rocket 
engine and Azel weight. 

Haw else might we reduce the penetlty in terms of payload weight  for 
us- mm in  long term space explorations? If we comider for a moment 
wha t  the term "space gabage" @Lies we find that in part, at least, this 
can refer t o  liter- tons of empty fuel c o n t e r s  and rdcet engines 
that accmpmy the payload into space. What is the possibility that this 
t r e m n d w  container may actually be fabricated fran food? If a polymer 
chemtst studies the mo3e@ulctp cmposition of fads he finds many c~lmpamds 
that shauld be u s e M  i n  famulating plastic materials. 
nat be aversold sfnce most of us have been served so=a3l,ed edible fwds 
that might better have been use& for building materials. If a determined 
effort; is made i n  this direction 8 wide variety of edible stretctma;l 
materials night be formilateti. 

llhis part need 

The factors that cause foal t o  spoil here on earth, such as oscygen, 
moisture and mjicrdbial action are absent i n  space so we have the &vantage 
of a fEnrarrable emriro-nt for food preservation. T t  is conceivable that 
these structures if &e frgn food, could be placed in space or on the 
lunar surface and remain unchanged for years except perhaps for minor 
surface changes produced by W. V. Such structures cmld be sandwiched 
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with a hard baperviw surface having a softer pliable interior mch like 
safety plate glass. 
in to  these edible plastic laminates. 
%sod technologists would. be required t o  understand the physical, chemical 
and teqperature stresses t o  which the vehicle w a i l d  be subjected. 

water requirements the astronauts' needs are fa i r ly  w e l l  taken care of except 
for oxygen. 
for recovering coryQen f r o e n  
feasible by three independent chemical methods. Means shahild be available 
within faur or five years of research and development t o  keep man sxpplfed 
with food, oxygen and water for periods of time up t o  a year. 

Variety and palatibil i ty could conceivably be designed 
To c a r r y  aut this develqpent the 

With ample supply of solid food and means for regenerating most of his 

We w e  currently investigating several basic chemical processes 
Is-t, Inc. has demonstrated this t o  be 

The second chapter on food technology t h a t  needs t o  be written is 
entitled "Ccpnpact device for regenerating oxygen, water and food from 
lmxman wastes". 
of ym h a w  -- wing aLgae i n  a photosynthetic gas exchanger. 
several labmatories i n  this country devoting considerable time and 
effort t o  develap a closed ecolsgical system for space vehicles. 
these projects are i n  the i n i t i a l  experimental phases. 
sham the basic elements of this closed ecological system. 
all Immm wastes; urine, feces and CQ2 as food and a r t i f i c i a l  or 
light 88 energy for the phcrtosynthetic process. The algae during t h e b  
growth process expire 02 t o  supply the reqyirements of the astronaut. 
They are also a nutritious food althuugh i n  terms of taste and accepta- 
b i l i t y  much remains t o  be desired. 

A g o d  beginning has been made i n  this dfrection as many 
There are 

A l l  of 
I n  Figure 2 is 

Algae util ize 

Development of a campact device should theoretically be possible 
although a t  least five years of intensive effort are anticipated before 
tknis objective is realized. Major problems t o  be solved are to: 

1. Assure necessary energy t o  cells for their  photosynthesis. 

2. Achieve maXirmrm grawth rate under space environment. 

3. Assure adequate gas exchange (@Q2 and Q2) under subgraldty. 

4. Achieve optimum gr&h of algae using human wastes with a 
minimum of processing. 

5. Demonstrate long term high reproduction rate of algae. 
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6. Assess eHects of ionizing radiation on growth rate of algae. 

7. Inprove taste, 

8,  ~ a k e  long term evaluation on digestive processes. 

With the tremendous world-wide interest in aJ.gae as a food saUTce it 
can be a s d  t h a t  siggzf'icant progress w i U  be made on many of these 
problems. Japan, for e-le, has a very active research program, !Phruagh 
the Mati0na;L Aeronrrtltics and Space Administmtion's Office of Znternstional 
Programs and the Office of Science, State Department, we W e  made pre- 
lsminasy steps t o  cooperate with Jerpanese scientists t o  goo1 our knowledge 
and research potentid i n  this area. lche Japanese are do- particularly 
significant work on the problem ixf d3.gestibility 09 a3gae. !l!hey have been 
successful in  remaYing the hard indigestible cell menibreme which has been 
the mrzin problem in cmertfng raw algae into digestible fooastws. MI& 
mre can and shau3d be dme t o  rnahe this potential food palatable and di- 
gestible e 

'phis brings us t o  the third problem area, - psycbologieal aspects. 
This refers mainly t o  fwd acceptame. Even under the most favorable cir- 
cumstanees food acceptance i s  a problem. H w  many of' up; quickly t i r e  of a 
single restaurant? Service, gpality, variety, agpearance of surrdngs  
and OUT coJqpanians influence the acceptability of foods. What then, w i l l  
the turique set  of c i r m t a n c e s  02 fear, isolation, weightlessness and 
cramped quarters have trpm the acceptance of food by the astronaut? We 
have learned f roan  Dr. Dsvld S W  high d t i t ude  balloon fl igW that certa;fn 
fogds r e g d e d  as very taste= on e&h become virtualJy unacceptable under 
the stress- conditions he esrperienced. As we obt- experience, first i n  
short term manned space f l ights  88 i n  ProJect Mercury, then in  progressively 
longer €lights we should learn naxch m e  about the basic physiology of food 
metabolbm and. the effect of varivlue stresses, psycholo@;ical and physice3, 
upon the acceptability of foods by man. 

In  aupmparizing w h a t  1 hare been trying t o  w, P feel  certain that 
those of yau involved in food teelznolsgy face same of the moat severe pro- 
blems that have been encountered in  providing the astronaut with a safe 
diet  with l i t t l e  or no peaaPty t o  the usefW. PaYlQaa, Whether nan has a 
significant role i n  f b tu re  space explorations may wel l  depend qpon techno- 
logists and scientists Sueh as yourselves t o  solw these problems. 

!Be suggestions of D r ,  Freeman &uiniby, Chief, Life Sciences Division, 
Arqy Research Office, in the preparatbon of this paper, are appreciated. 
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M r .  Chairman, Dist inguished Guests,  Ladies and Gentlemen: 

I am g r a t e f u l  f o r  the  compliment of your i n v i t a t i o n  t o  be with you 

t h i s  morning and t o  appear i n  t h i s  spot  i n  the  proceedings of your 

Convention. 

When w e  were ch i ldren  I am sure  t h a t  we each enjoyed the  inev i t ab le  

exposure t o  the  f ab le s  of Aesop. It  i s  d i f f i c u l t  t o  imagine t h a t  a c h i l d  

could grow to  adulthood without the  advantage of learn ing  the  simple and 

purposeful lessons  t h a t  these  wr i t i ngs  have been teaching f o r  so many 

generations.  Perhaps because of t h e i r  s impl i c i ty  and a matching impedance 

i n  my mental processes ,  I have been p a r t i c u l a r l y  reminded of one of these 

s t o r i e s  i n  the  p a s t  e ighteen months. I t  i s  not  merely coincidence i n  

t h i s  case t h a t  these  have been the  f i r s t  e ighteen months of ex is tence  of 

the  National Aeronautics and Space Administration. The s t o r y  I r e f e r  t o ,  

of course,  dea l s  wi th  a man, h i s  boy, and donkey a s  they proceed along 

a country road to the  v i l l a g e .  I n  response t o  the  comments of many 

bystanders t h a t  they pass ,  they f i n d  themselves t r ave l ing  i n  a l l  poss ib le  

combinations of r id ing  and walking. F i r s t ,  wi th  each of the  th ree  on foot .  

Second, wi th  the  boy r id ing  the  donkey, because he i s  the  youngest. Then, 

the  man r i d i n g  because he i s  the  o l d e s t ,  and the  boy walking. Next, with 

both the  man and the  boy r i d i n g  the  donkey. 

ludicrous suggestion t h a t  the  man and boy should walk and c a r r y  the  donkey. 

And f i n a l l y  they accept  t he  
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Recognizing the  r i s k  of suggesting the  analogy, I can' t  bu t  

occasional ly  f e e l  a k insh ip  t o  these t r a v e l e r s  i n  t h a t  the  cease less  

stream of well-intended advice concerning t h e  design and the prosecu- 

t i o n  of the  nat ion!s  space program sometimes seems t o  be qu i t e  con- 

t rad ic tory .  Wetlnever permit ourselves  overly c r i t i c a l  assessments of 

such advice,  however, because regard less  of whether o r  not  it i s  oppor- 

tune t o  take advantage of i t s  substance,  it i s  a c l e a r  ind ica t ion  of the  

widespread i n t e r e s t  i n  our e f fo r t s , and  i n  t h i s  w e  are encouraged. 

Indeed, those of us who a r e  c lose  t o  the  day-to-day management 

problems of our na t ion ' s  space program a r e  convinced of one thing above 

call else-its long term hea l th  and support  a s  a publ ic ly  financed endeavor 

i s  dependent t o  a l a rge  degree on a s i g n i f i c a n t  increase--yes,  I might 

say,  an unprecedented improvement i n  publ ic  understanding. One of the  

r e s u l t s  of the  technological revolut ion t h a t  has influeneed our soc ie ty  

SO g r e a t l y  i n  the  p a s t  few decades is the  ever- increasing divergence 

between the  sum of infomatiow with which the  average individual  can claim 

fami l i a r i t y  and the  t o t a l  fund of information t h a t  is ava i l ab le  on any 

given subjec t ,  When we consider t he  space program, even t h a t  f r a c t i o n  

of the  t o t a l  information e x i s t i n g  which impinges on the  d a i l y  l i f e  of the  

ind iv idua l  is  becoming more and more d i f f i c u l t  t o  comprehend. Because of 

the  very na ture  of t he  space program-the investments required,  the motiva- 

t ions  which d r ive  it, and the  r e s u l t s  which can be expected--one can see  

t h a t  i t  is important t o  replaee wi th  knowledge and understanding the 
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cur ren t  confusion of t he  uninformed. As members of the  technica l  p re s s ,  

yours is a se r ious  and chal lenging r e spons ib i l i t y .  

t h a t  you possess the  c a p a b i l i t y  and the  w i l l  t o  meet t h i s  challenge. 

you have already demonstrated. 

I have no quest ion 

This 

W e  are a l s o  very much aware of the  f a c t  t h a t  your task can be made 

much e a s i e r  and the  r e s u l t s  more s a t i s f y i n g  t o  a l l  of us  i f  you a r e  

provided, by the  f u l l  cooperation of those of us i n  Government, wi th  the  

r a w  mater ia l  of information sources. We have, t he re fo re ,  adopted a pol icy  

of openness with the  information w e  possess and seek a t  a l l  t i m e s  t o  be 

as f rank  and candid as we poss ib ly  can and s t i l l  serve as responsible  

custodians of t he  publ ic  t r u s t  with which we have been charged. 

Of course,  i t  i s  necessary to  recognize t h a t  ours  i s  a program of 

research and development. Many of the problems w e  have, and many of the  

quest ions t h a t  we  are asked, simply do n o t  have ca t egor i ca l ly  c o r r e c t  

answers. Questions of judgment are moat f requent ly  involved; and, being 

human, you can be su re  t h a t  w e  w i l l  cownit our  share  of e r r o r s  i n  judgment. 

When t h i s  proves t o  be the  case ,  our only recourse is t o  c o r r e c t  our 

mistakes as b e s t  we can , re ly ing  on the  understanding of our monitors-- 

an understanding which can only be expected i n  t h e  presence of f u l l  and 

complete in fo  mat ion. 

I hope t h a t  i n  the  t i m e  a l l o t t e d  to  me t h i s  morning I w i l l  be ab le  

t o  add i n  some way t o  our  savings account of understanding as regards 

some of t he  important f a c e t s  of our program. 

. . .. ... ..__ . ._ .... .. I .. - . . . .- . - " - , .. ... .-..- .._" __l_-.._l......_._._. ~ . . . . ... .- 
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There i s  probably no s i n g l e  category of considerat ions which bears  

on the  space program more importantly than those concerning the  motivations 

f o r  doing t h i s  work, motivat ions which are recognized and accepted by our  

s o c i e t y  as a whole. 

of them are un ive r sa l ly  accepted, and a s t i l l  lesser number can be r e a l l y  

depended upon i n  the  f i n a l  ana lys i s  t o  j u s t i f y  the  s i z e  and scope of 

e f f o r t  which has been i n i t i a t e d .  

A long l i s t  of such motivations can be formed but  few 

For example, many of us have debated from t i m e  t o  t i m e  the  d r iv ing  

urge of man's cu r ios i ty .  

most remote regions on the  sur face  of the  ea r th ,  A v a r i a t i o n  of t h i s  force ,  

i n  a more r e s t r i c t e d  sense,  is t he  o f t  stated need f o r  the advancement of 

science.  The a e s t h e t i c  values  of learn ing  more about the h i s t o r y  of the  

universe ,  o r  the  c rea t ion  of the s o l a r  system, is  a form of "exploring 

the  West" f o r  the  s c i e n t i s t s .  Each of these  incent ives  has produced 

tremendous e f f o r t s  i n  the  p a s t  by ind iv idua ls  o r  r e l a t i v e l y  s m a l l  groups 

of ind iv idua ls ,  and the  r e s u l t s  have f requent ly  been commensurate with the  

expenditures.  We cannot, however, avoid recogni t ion of the f a c t  t h a t  

na t ions  do n o t  respond as i nd iv idua l s  and i t  i s  inconceivable t h a t  even a 

major i ty  of t he  American taxpayers today would agree t o  the  expenditure 

of t h e i r  substance i n  the  amounts t h a t  are cu r ren t ly  being invested simply 

f o r  the g r a t i f i c a t i o n  of adventure i n  new explorat ion.  

This i s  the  undeniable force  which explored the  
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But there are more t ang ib le  reasons for our act ivi t ies  i n  space. For 

example, i t  i s  v i r t u a l l y  c e r t a i n  t h a t  p r a c t i c a l  appl ica t ion  of space 

veh ic l e s  can be made f o r  the  b e n e f i t  of the  taxpayer who w i l l  pay the  b i l l .  

I t  might be some time before  such appl ica t ions  can be proven t o  be t r u l y  

competit ive on the  bas i s  of commercial economics, But even before  t h a t  

s t a t e  of development i s  reached, i t  is l i k e l y  t h a t  c a p a b i l i t i e s  w i l l  be 

developed which w i l l  be of g r e a t  value i n  our  way of l i f e  and a t  the  same 

time defy a d i r e c t  c o s t  evaluat ion by v i r t u e  of the  f a c t  of t h e i r  unique 

q u a l i t i e s .  One example of such a poss ib l e  appl ica t ion  i s  the meteorological 

service, The p o t e n t i a l  of providing t o  the  meteorological p h y s i c i s t  an 

almost simultaneous p i c t u r e  of the  e n t i r e  cloud cover of the world, the  

hea t  balance and i t s  d i s t r i b u t i o n ,  p a t t e r n s  of p r e c i p i t a t i o n  and the r e a l  

t i m e  po r t r aya l  of t he  movement of these phenomena, is  c e r t a i n l y  a prospect  

upon which i t  i s  d i f f i c u l t  t o  pu t  a p r i c e  tag  s ince  no one could possibly 

foresee  accomplishing the  same r e s u l t s  i n  any way except through the  use 

of space vehic les .  The p robab i l i t y  t h a t  such a prospect  can be provided 

by t h i s  

on Apri l  f i r s t  of the  TIROS spacecraf t .  This experiment has t ransmit ted 

back t o  the  con t ro l  s t a t i o n s  on e a r t h  thousands of p i c t u r e s  of one of the  

important ca tegor ies  of information i n  weather ana lys i s - - tha t  of cloud 

cover. There are tremendous tasks  y e t  i n  f r o n t  of us before an opera t iona l  

weather system can be expected, bus the  da t a  obtained thus f a r  i s  important 

i n  a t  least two respec ts .  I n  the  f i r s t  p l ace ,  i t  has demonstrated a 

technique which w i l l  be adequate,  w i t h  some engineering refinements,  t o  

means was c e r t a i n l y  given a tremendous boost by the  launching 

. - .. ... . .. . _._I" .. . . . ..... .. _- "___ .--_l_l__....l. I . . - . . .I_ . . . . I -. .... ... .. 
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s a t i s f y  the  need. I n  the  second p lace ,  t he  p i c t u r e s  t h a t  have been 

furnished o f f e r  an exce l l en t  opportuni ty  f o r  ana lys t s  t o  assess the  

q u a l i t y  of da t a  and the  processing techniques on the  ground, which w i l l  

be necessary i f  timely use i s  t o  be made of the  product from the  space 

vehic le .  

Meteorology i s  no t  t h e  only promising area f o r  t h e  appl ica t ion  of 

space vehic les .  

another experiment i n  sa te l l i t e  app l i ca t ions  which w i l l  be of s u b s t a n t i a l  

i n t e r e s t .  I r e f e r  t o  our  f i r s t  launching i n  P ro jec t  ECHO. This involves 

t h e  p lac ing  i n  o r b i t  of a sphere 100 f e e t  i n  diameter,  which is  made 

of p l a s t i c  wi th  an aluminum coat ing.  

t h i s  sphere w i l l  be folded up and contained i n  a smaller metal sphe r i ca l  

case about 28 inches i n  diameter. When it a t t a i n s  o r b i t a l  v e l o c i t y  the  

s h e l l  opens up and the  l a r g e r  sphere i s  i n f l a t e d  by v i r t u e  of the  

r e s idua l  air  i n  the  fo lds .  

sublimates slowly i n  the  hard vacuum of space provides a continuous gas 

source t o  keep the  sphere extended even though it  cannot be made gas- 

proof. The rate of gas leakage w i l l  a l s o  increase  with t i m e ,  as 

c o l l i s i o n s  wi th  meteors mikeholes i n  the  sur face ,  

Within the  next  couple of weeks we expect t o  launch 

During the  Paunch acce le ra t ion ,  

I n  add i t ion ,  a c r y s t a l l i n e  compound which 

The primary purpose of t h e  experiment is t o  test the  technique of 

bouncing rad io  s i g n a l s  from one po in t  on the  e a r t h ' s  sur face  of f  t he  

aluminum bal loon t o  another po in t  a t  a g r e a t  d i s tance .  We have, f o r  example, 

, .. .. - . .. .-_....-.I.I.. .. , . . . . - . . . - . . . . . . ... . . . . . ._ . . -. . . - . .. . . . . - . . . . -. ... 
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provided high powered rad io  t r ansmi t t e r s  and rece ivers  a t  the Goldstone 

Tracking 'Center  i n  the  Ca l i fo rn ia  d e s e r t  and, wi th  the  cooperation of 

the Bell Telephone 

New Jersey.  

expect these two f a c i l i t i e s  t o  be ab le  t o  t a l k  t o  each o the r  using 

por t ions  of the  frequency spectrum which can o r d i n a r i l y  be used only 

i n  l i n e  of s i g h t  communication schemes. The c h a r a c t e r i s t i c s  and timing 

of the  experiment have a l s o  been disseminated throughout the world, and 

we have ind ica t ions  t h a t  s c i e n t i s t s  i n  many fore ign  count r ies  intend 

t o  conduct l o c a l  communications tests. 

Laborator ies ,  a s i m i l a r  i n s t a l l a t i o n  a t  Holmdel, 

When the i n f l a t e d  sa te l l i t e  is  i n  a favorable  pos i t i on ,  we 

I might say ,  pa ren the t i ca l ly ,  tha t  t h i s  experiment w i l l  have, i n  

some respec ts ,  a more spec tacular  appeal even than i ts  u t i l i t y  i n  a 

communications system. A t  dawn and dusk, i t  w i l l  provide a r e f l e c t o r  

f o r  sun l igh t  which most of the  peoples of the  world w i l l  be ab le  t o  see  

as a star somewhat b r i g h t e r  than Venus, moving across  the  heavens a t  

some 18,000 m i l e s  pe r  hour. 

I t  is a l s o  necessary t o  add here t h a t  one of our  g r e a t e s t  uncertain-  

ties i n  the  operat ion of t h i s  experiment is  the  determination of the  

length of t i m e  it w i l l  remain i n  o r b i t ,  Because of the  very low dens i ty  

of the  i n f l a t e d  sphere,  we a n t i c i p a t e  t h a t  the  o r b i t  w i l l  decay much 

f a s t e r  than has been the  case wi th  o the r  experiments; and even before  

i t  re -en ters  the  e a r t h ' s  atmosphere i t  might l o se  most of its r e f l e c t i v e  

q u a l i t i e s  as the  r e s u l t  of co l laps ing  a f t e r  los ing  i n t e r n a l  pressure,  
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A q u a l i t a t i v e  assessment of these e f f e c t s  has l ed  us  t o  be l ieve  t h a t  the  

usefu l  l i f e  might vary from a few days t o  a few weeks. A r e a l i s t i c  

answer t o  t h i s  kind of quest ion,  however, must w a i t  u n t i l  we have had 

some experience,  and w e  expect t h a t  one of t he  notable  s c i e n t i f i c  

products might very wel l  be a b e t t e r  measurement of atmospheric drag 

a t  a l t i t u d e s  ranging from 800 miles  down t o  the denser atmosphere. 

The motivations support ing our  space program which l i e  beyond the  

promise of s a t i s f y i n g  a usefu l  purpose i n  our everyday l i v e s  a r e  the  

more demanding needs of na t iona l  p r e s t i g e  and m i l i t a r y  requirements. 

L e t  me t reat  the  l a t te r  b r i e f l y  by saying t h a t  we a r e  cooperating very 

c lose ly  wi th  t h e  Department of Defense. W e  use  the  products of t h e i r  

very comprehensive research  and development programs, and I have no doubt 

t h a t  they w i l l  use  the  r e s u l t s  of our a c t i v i t i e s .  We have e s t ab l i shed  an 

e x c e l l e n t  rapport  between the  two organizat ions.  

I n  the  f u l f i l l m e n t  of our na t iona l  needs f o r  demonstrating the  

v i r i l i t y  and v i a b i l i t y  of our  p a r t i c u l a r  system of government, the  NASA 

plays an even more important ro le .  The combination of circumstances 

r e s u l t i n g  from the  determination by our  Congress t h a t  space explora t ion  

should be f o r  peaceful purposes and f o r  t he  b e n e f i t  of a l l  mankind, 

toge ther  wi th  t h e  determination of the  Department of Defense t h a t  no 

immediate m i l i t a r y  requirement demands the  development of l a r g e r  space 

veh ic l e s ,  has placed our organiza t ion  squarely on t h e  f i r i n g  l i n e  i n  the  

we igh t - l i f t i ng  competit ion wi th  the  U.S.S.R. It has been q u i t e  apparent 
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t h a t  t h i s  competitfon has been t h e  most i n f l u e n t i a l  of a l l  t he  f a c t o r s  

t o  be considered i n  determining t h e  ove ra l l  scope of our  e f f o r t s .  

would no t  want t o  leave the  idea  t h a t  we are developing bigger  rocket  

engines and bigger  Paunch vehic les  f o r  t he  s i n g l e  purpose of  exceeding 

the  performance of the  Russians. 

pos i t i on  which hasurged us  onward i n  prosecut ing these  developments 

a t  the  cu r ren t  rate. Thus w e  are concentrat ing on the  development of 

a s t a b l e  of four  d i f f e r e n t  models of Paunch vehic les ,  And during the  

next  year  almost ha l f  of our t o t a l  resources  w i l l  go i n t o  t h i s  e f f o r t .  

We have j u s t  begun the  f i r s t  experimental launchings of t he  SCOUT 

I 

But it is  our  present  i n t e rna t iona l  

vehicle .  

permit us t o  put  in a low e a r t h  o r b i t  an instrument package of about 

200 pounds. 

been the  case wi th  any of the  l i q u i d  rocket  veh ic l e s  t h a t  we  have used 

t~ date ,  

wi th  the  Atlas-Agena, 

Department of Defense, w i l l  be adapted t o  the  uses of our program q u i t e  

extensively.  The Atlas-Agena w i l l  provide us  s u b s t a n t i a l l y  the  weight- 

l i f t i n g  c a p a b i l i t y  t h a t  has been demonstrated thus f a r  by the  U.S.S.R. 

I n  1962, w e  hope t o  be using the  Atlas-Centaur, a veh ic l e  which uses 

l i q u i d  hydrogen and l i q u i d  oxygen i n  i t s  upper s t age ,  and wi th  these  

high energy p rope l l an t s  provides an o r b i t a l  c a p a b i l i t y  f o r  approximately 

10,000 pounds, 

This is a s m a l l  s o l i d  p rope l l an t  four-s tage device which w i l l  

It w i l l  Be c h e q e r  and more f l e x i b l e  i n  i ts  use than has 

In  approximately one year w e  expect t o  make our  f i r s t  operat ion 

This i s  a v e h i c l e  which, while  developed i n  the  

And i n  t h e  1964 t i m e  per iod ,  the  Saturn v e h i c l e  w i l l  

. . . . . . .. , . , .  .~ . . . . . . . . . . . - - - . . ... .. . . .I_ .I.__. . . -. 
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become opera t iona l ,  wi th  an e a r l y  c a p a b i l i t y  of 25,000 pounds i n  a low 

e a r t h  o r b i t  and growing t o  double t h a t  capac i ty  with the  f u r t h e r  develop- 

ment of the upper s t ages  i n  the  l a t te r  p a r t  of t h i s  decade. These w i l l  

be the  fou r  work horses  of our space program f o r  the  next  ten years-- 

the  n u h e r s  of d i f f e r e n t  kinds of vehic les  are being reduced i n  order  

t o  improve the  r e l i a b i l i t y  of each by increasing the  number of t i m e s  

it is  used. 

Having e s t ab l i shed  t h i s  schedule f o r  veh ic l e  development--which I 

be l ieve  holds good promise f o r  matching t h e  performance sf the  U.S.S.R. 

and c e r t a i n l y  pr~vides the  l i f t i n g  c a p a b i l i t y  t o  m e e t  our  requirements 

i n  t h i s  t i m e  period--we must proceed wi th  an ene rge t i c  program of 

spacecraf t  development which w i l l  make good use of t h i s  capaci ty .  

am s t rong ly  convinced t h a t  the  f a sc ina t ion  of the  competit ion wi th  the  

U.S.S.R. i n  the  rocket  development introduces the danger t h a t  w e  might 

no t  focus quickly enough nor  wi th  the  necessary v igor  and t enac i ty  on 

the problems of spacecraf t  development. 

be l i f t i n g  tons of dead weight i n t o  space,  bu t  I am equal ly  su re  t h a t  

t h e r e  is ,  today, l i t t l e  apprec ia t ion  f o r  the  tremendous development task  

which is involved i n  making proper use of the l i f t i n g  c a p a b i l i t y  we are 

developing. 

s i z e  and complexity of s m a l l  modem high performance a i r c r a f t .  When 

one considers  t h a t  w e  propose to  launch an average of two spacecraf t  

each month f o r  t he  next  t en  years ,  i t  can be  seen t h a t  a Bevel of 

development i s  required which exceeds any performance t h a t  has been 

I 

I am su re  tha t  no one wants t o  

Some of our  spacecraf t  of t he  f u t u r e  w i l l  approach the  
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demonstrated to date. 

It almost goes without saying that such a development program 

will be expensive, 

the NASA will have more than doubled its annual expenditure rate. 

is clear that if the proposed program is to be carried out, further 

increases are inevitable. It is also clear that if gross inefficiencies 

are to be avoided, the program mst be supported consistently by the 

nation--a support which can only be expected from a well-informed 

pub1 ic a 

In the course of its first two years of operation, 

It 

To many of us, the fact that the rate and scale of our present 

effort is strongly influenced by the international competition is a real 

danger, not because we do not recognize the importance of national 

prestige, but because support which is dependent upon our relative 

position in space achievements with the U.S.S.R.  tends t o  be fickle and 

too much a function of their activity factor--a factor over which we 

have no control. As you might imagine, such support complicates our 

planning, might very well become oscillatory, and thus lead to the 

inefficiencies of stop-and-go development. Perhaps we are needlessly 

concerned, since our competition to date has shown no lack of either 

capability or desire t o  keep the pressure on us. 

partly because of this concern that we have insisted upon the formulation 

of our program on a broad and diverse base which seems to best suit the 

needs of our society as well as its capabilities. 

But it is at least 
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I t  seems l i k e l y  t o  m e  t h a t  perhaps i n  the long term one of the  

most rewarding products of our  space experimentation w i l l  be the  o v e r a l l  

augmentation t h a t  it provides t o  our  n a t i o n ' s  technology. The many 

unique s k i l l s  and techniques t h a t  a r e  being developed i n  response t o  

the  demanding needs of t he  space environment--the v i b r a t i o n ,  the  noise ,  

and the  acce le ra t ions  of rocket  veh ic l e  opera t ions ,  and the  r igorous 

to le rances  of long-time automated operat ion--wil l  have t h e i r  impact on 

many areas of our  t echn ica l ly  soph i s t i ca t ed  and h ighly  mechanized way 

of l i f e ,  

I r ecen t ly  enjoyed the opportuni ty  t o  t a l k  a t  some length  wi th  

D r .  A* W, Lines,  t he  Senior Superintendent f o r  Research, of the  Guided 

Weapons Department of 

Kingdom, 

indus t ry  and l abora to r i e s .  

the  broad s c i e n t i f i c  and technica l  program which was being supported as 

a r e s u l t  of this nalcion's space and defense e f f o r t .  Speaking i n  super- 

Paeives, he s a i d  t h a t  he f e l t  he could emphasize h i s  assessment of the 

work he had observed i n  no b e t t e r  way than t o  r epor t  h i s  own concern 

at the  problem he faced i n  iden t i fy ing  an area of work where h i s  country 

could make a s u i t a b l e  cont r ibu t ion ,  H e  a l s o  was c e r t a i n  from h i s  

widespread v i s i t s  cha t  few, i f  anyp Americans r e a l l y  appreciated the  

d i v e r s i t y  of u l t ima te  app l i ca t ions  which would flow from t h i s  program. 

the  Royal A i r c r a f t  Establishment i n  the  United 

M r .  Lines had j u s t  completed a month long tou r  of American 

He expressed himself as being astounded a t  
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There can be little question that the space program is a powerful 

influence on the continuation of the technological revolution which we 

have seen developing around us during our lifetime. It may be that 

its influences are in some ways peculiarly advantageous to the United 

States, since the only other major participant in space experimentation 

is somewhat limited by the current status of its society in accepting 

the technical innovation that naturally flows from the effort. It is 

also possible that should the day come that we all so strongly hope 

for--the day of disarmament agreement--the program of space exploration 

may become an even more important influence in support of our advanced 

technology. 

Thus, I hope that you will each agree with me. There is the 

promise--indeed I might say the certainty--of real and lasting benefits 

to each of us and to our nation in carrying out the program of space 

exploration and space applications which we have planned. This is a 

program of many and diverse activities. 

accomplishments as a man launched into space on a ballistic flight 

during the current year, and in orbit around the world next year; 

continued meteorological and communications experiments until opera- 

tional systems can be established a few years from now; continuous 

exploration of the moon and the near earth space, leading to manned 

flight around the moon in the latter years of this decade; arcad a 

progressively more energetic program of exploration ~f the near planets, 

Hopefully, it will bring such 
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' ihe  program will be much in the news, and i am sure tirat the 

widespread understanding of i t s  objec t ives  and i t s  rewards i h J i 1  I cont inue  

P o  grow. 'L'his wilt occur i n  large riieasure as the result of your 

i i c t i v j t i e s ,  a ~ c t  we do appreciate your e f f o r t s  in this respect. May I 

a g a i n  pledge our cooperation t o  you in your work .  L knob: that i t  

l r enc t i r s  aJ! of us. 

NASA Release No. 60-3.73 



1. Gas-light contacting chamber 
2. O2 absorption tanks 
3. nutrient supply tanks 
4. Gas-holding or surge tanks 
5. Air blower fo r  gas r e c i r c u l a t i o n  
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III troduction --- 
For centuries man's travels were confined to the surface of 

the earth. Then at the turn of the present century the Wright Brothers 

moved from the ground into the air. Man soon attained the freedom 

of the birds and. in a h d f  century f a r  surpassed their performance. 

Today he spans the oceans and continents in modern jet transports. 

Soon he will be able to pace the sun in i ts  apparent travel from east 

to west. 

In ancient times before written records, long before the 

attainment of the first flight of man in an airplane, some expressed 

their aspirations in tale and legend. Others sought imaginative 

expression of the primitive science and technology of their day in 

the attempted invention of flying machines. Success was delayed 

until the necessary broader base knowledge of air flow, propulsion, 

materials and structural design had been established anc? the internal 

combustion engine had been invented and constructed. 

Before the first flight there were differences of opinion with 

respect tc tne prospects of early success and, even after the first 

flight, zstimates of the rate of progress variea w i a 4 y .  Wilbur Wright 
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himself stated in 1908l: "1 confess that, in 1901, I said to my brother 

Orville that men would not fly for fifty years. Two years later we 

ourselves were making flights .- . . . 
to look too f a r  into the future; we see enough already to be certain 

But it is not really necessary 

that i t  will be magnificent. In the same year Simon Newcomb 2 

remarked, "The writer cannot see how anyone who carefully weighs 

all that he has said can avoid the conclusion that the era when we 

shall take the flyer as we now take the train belongs to dreamland. 

On October 4th, 1957, Russian scientists launched a man-made 

moon for the first time in orbit around the earth, heralding the f a s t  

approaching realization of a second age-old dream of man to travel 

into interplanetary space. This year man will venture briefly into 

nearby space in the X-15 research airplane and in the Redstone 

ballistic flights of Project Mercury. Hopefully in 1961 the first  

orbital flights of a manned satellite will mark the step in space 

travel corresponding to the flight of the first airplane. 

3 Historical Notes 

Interest in space travel has ebbed and flowed through the 

centurks in synchronism with the state of development of knowledge 
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of outer space. Interest in outer space probably began among the 

forerunners of astronomers in ancient lands. Exploration was by 

visual observation of the sky by day and by night. The regularities 

of apparent motion were first noted, and the sky became the earliest 

clock and almanac. The sun, moon and planets were objects of 

worship. The notion of travel in space could not arise until the 

concept of the celestial bodies as other worlds existed. 

,The fiivt cycle of interest in space travel occurred in ancient 

Greece as a result of the work of Greek astronomers who abandoned 

the flat earth concept. One of the great astronomers of the second 

century B. C. was Hipparchus who invented what we now call the 

Ptolemak system. Ptolemaeus further developed and expanded the 

work of Bpparchus in the secoad century A.D. Influenced by these 

'developments Plutarch4 concluded that the moon is much like the 

earth, but smaller, inhabited not by people but by "demons, who 

occasionally visit the earth. In the year 160 A. D. the Greek writer 
5 Lucian wrote the first novel of avoyage to the moon. The mode of 

travel was somewhat fortuitous, a ship in the fearsome Atlantic Ocean 

being caught in a whirlwind and lifted to the moon. 
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Interest then disappeared through the fourteen centuries 

during which the authorities of the Christian Church, following 

Aristotle, opposed belief in the existence of other worlds. Then 

came Nicolaus Copernicus with revolutionary ideas in astronomy. 6 

The telescope was invented in Holland, probably by Hans Lippershey 

in 1608. 

made by Tycho Brahe established that the planets move in elliptical 

orbits around the sun rather than in epicycles whose centers moved 

in circular orbits. Finally Galileo8 observed the disks of the planets 

with a telescope made by himself after receiving some information 

about Lippershey's instrument. These new developments in 

astronomy inaugmated a new cycle of interest and speculation about 

space travel to other worlds. 

Johannes Kepler 7 by analyzing the observations of Mars 

Kepler himself wrote a fantasy 9 about travel to the moon 

which was published after his death. Travel of man was accom- 

plished by the aid of demons, who, unable to withstand the light of 

the sun, travel within the shadow of the earth when it touches the 

moon in an eclipse. The f i rs t  journey to the moon to be described 
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10 in English literature is found in a book by Bishop Francis Godwin 

printed in 1638. The hero, Doming0 Gonsales, built an ttEnginett to 

fly through the air which unexpectedly proved capable of taking him 

to the moon. The motive power was furnished by wild Swans called 

Gansas who were taught many 9rickes.  If The development of the 

lfEngineft is described in the following terms: 

"Having prevailed thus farre ,  I began to cast in my head how 

I might doe to joyne a number of them together in bearing of some 

great burthen: which if  I could bring to passe, I might enable a man 

to fly and be carried in the ayre, to some certaine place safe and 

without hurt. In this cogitation having much laboured my wits, and 

made some triall, I found by experience, that if  many were put to 

the bearing of one great burthen, by reason i t  was not possible all 

of them should rise together just in one instant, the first  that raised 

himselfe upon his wings finding himselfe stayed by a weight heavier 

then hee could move o r  s t i r re ,  would by an by give over, as also 

would the second, third, and all the rest. I devised (therefore) at 

last a meanes how each of them might r ise  carrying but his om7ne 

proportion of weight only, and i t  w a s  thus. 
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"1 fastned about every one of my Gansa's a little pulley of 

Corke, and putting a string through it of meetly length, I fastened 

the one end thereof unto a blocke almost of eight Pound weight , unto 

the other end of the string I tied a poyse weighing some two Pound, 

which being done, and causing the signal1 to be erected, they 

presently rose all (being 4 in number, 1 and carried away my blocke 

unto the place appointed. This falling out according to my hope and 

desire, I made proofe afterwards , but using the held of 2. o r  3. 

birds more, in a Lamb, whose happinesse I much envied, that he 

should be the first  living creature to take possession of such a 

device. 

"At last after divers tryalls I was surprised with a great 

longing, to cause my selfe to be carried in the like sort .  . . . . . . . 
. . . . . . . . . . So upon a time having provided all things necessary, 

I placed my selfe with all my trinckets, upon the top of a rocke at 

the R;lvers mouth, and putting my selfe at full Sea upon an Engine 

(the description whereof ensueth) I caused Dieqo to advance his 

Signall: whereupon my Birds presently arose, 25 in number, and 

carried mee o E r  lustily to the other rocke on the other side, being 

about a Quarter of a league. 
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There appeared in 1640 the third edition of a book by Bishop 

John Wilkins'l in which 

soon discover the means 
4 . 3  

the hope was expressed that science would 

to travel to the moon. About a decade later 

Cyrano de Bergeracl" wrote about travel to the moon. Different 

travelers used different means of transportation; (1) bottles filled 

with dew, a substance which every morning was believed to disappear 

by being drawn toward the sky; (2) lodestones thrown upward continu- 

ous1y:to propel an iron car  upward; and ( 3 ) ,  surprisingly enough, 

powder rockets. 

With the further growth of astronomical knowledge, distances 

to celestial objects became more accurately known, and the distinction 

between travel through the atmosphere and travel through the va.cuum 

of space was finally understood. Space travel then seerned impossible ,  

and interest in i t  was replaced by interest in communication with the 

inhabitants of other worlds. The famous German rnatl.iemaiic%m and 

physicist, Kar l  Friedrich Gauss13 in the first  half of the 19th century 

proposed to use the language of mathematics by drawing the geometrical 
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figure, consisting of a triangle and three squares which demonbtrate 

the theorem of Pythagoras, on the gigantic blackboard of the Siberian 

tundra. The filinesff of the figure were to be composed of strips of 

dark pine forest, each line being ten miles wide. An alternate 

scheme was proposed by the astronomer Littrow14 in which the 

Sahara desert was to constitute the background and the lines were 

to be made by wide trenches filled with kerosene which was to be 

ignited to produce lines of fire. 

In the latter half of the 19th century, further observations of 

Venus and Mars with improved telescopes and advances in the tech- 

nology of ballistics stimulated novelists to write of space travel to 

Mars and Venus a s  well as to the moon. In 1865 there appeared 

Achille Eyraud's Voyaqe k V e / n ~ s ' ~  and Jules Vernefs De la terre  

a la lune16 and two years later Vernefs Autour de la lune. l7 Then 

at the turn of the century the imaginative science fiction novels of 

H. G. Wells18 closed this period of interest in space travel. 

\ 



9 

.-. 

There followed again an ebb of public interest in space travel 

lasting f o r  four decades. However beneath the surface there began 

to emerge inventions, scientific knowledge, and practical develop- 

ments which have resulted in present national activities and revived 

public interest in space travel. How far below the surface these 

activities were may be judged from the fact that the Fourteenth 

Edition (1929) of the Encyclopaedia Britannica does not contain 

the names of the Russian, K. E. Tsiolkovskii o r  the Rumanian, 

H. Oberth, now recognized as pioneers in the theory of the appli- 

cation of rockets to space travel. A brief paragraph on Rocket 

Propulsion states that "The pioneer work on the use of the exhaust 

of a rocket to propel a body was done by Prof. R. H. Goddard of 

Clark University, Worcester, Mass., who has studied the problem 

since 1909. In 1928 experiments were carried out on a rocket 

intended to travel into the rarefied upper air s o  as to obtain data 

as to i ts  composition and condition. In 1918 Prof. Goddard, under 

the auspices of the Smithsonian Institution, published data supporting 

the practicability of a rocket flight to the moon. 19 
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A major factor in our current position in space travel is the 

curious accident that the Versailles treaty with Germany at the end 

of the first World War  failed to include rockets among the military 

weapons prohibited to Germany. As a result in 1929 the German 

Army began the development of rockets which eventually resulted 

in the large V-2 rocket f i rs t  fired successfully on October 3, 1942 

in test flight and on September 6, 1944 as a weapon, Rocket research 

in the United States began at the California Institute of Technology in 

1936; the development of their first  rocket began in 1944. The 

development of large rockets as weapons produced the presently 

used space boosters both in the U. S. and the U. S. S. R. The Jupiter, 

Redstone, Thor and Atlas missiles, including their guidance systems 

but not warheads, a re  essential components of current U. S. space 

vehicles. 

U.S. interest in space began during the International 

Geophysical Year 1957-1958 when it was decided to develop a 

satellite vehicle under civilian direction without interfering with 

the missile program carried out under military auspices. The 

Vanguard launch vehicle was designed specifically a s  a satellite 

launch vehicle. Although the early launchings were unsuccessful, 

the second and third stage rockets are essential components of later 

space vehicles and the Minitrack stations are the backbone of our 

current satellite tracking system. 
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As is well known the U. S. S. R. launched the first satellite on 

October 4, 1957 using its well tested military rocket. Soon thereafter 

the U.S. Army was authorized to use the Redstone missile in conjunc- 

tion with a cluster of solid propellant rockets developed by the Jet 

Propulsion Laboratory of the California Institute of Technology. The 

first  attempt on January 31, 1958 to place Explorer I in orbit was 

successful. 

Interest in space travel is now expressed by governmental 

authorities of both the U.S. and the U.S.S.R. In closing this brief 

historical account we may note that the first formal governmental 

action was the appointment in 1954 by the Presidium of the U. S. S. R. 

Academy of Sciences of the Interdepartmental Commission on Inter- 

planetary communications to "coordinate and direct all work con- 

cerned with solving the problem of mastering cosmic space. '' The 

nearest equivalent action in the U.S. was the passage of the National 

Aeronautics and Space Act in 1958. 

Beqinning of the Direct Exploration of Space 

The direct exploration of space by means of unmanned vehicles 

traveling in space began on October 4, 1957 with the launching of 

Sputnik I by the U. S. S. R. In the intervening thirty months there 

have been launched successfully eighteen additional earth satellites 
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which have yielded much scientific information about the space 

environment by radio telemetry of data to the ground. Two satellites 

were launched by the U. S. S. R. on November 3, 1957 and May 15, 1958. 

The U.S. has launched sixteen satellites, the first on January 31, 1958 

and the most recent on April 16, 1960. Five were called Explorers, 

launched by Jupiter C s  in three cases, Thor-Able 11 in one, and Juno I1 

in one. Three were Vanguards; five were Discoverers, launched by 

Thor-Agena As; one used an Atlas  for the communications experiment, 

Project Score; one the meteorological satellite of Project Tiros, was 

launched by a mor-Able N; and one, the navigation satellite Transit, 

was launched by a Thor-Able Star. 

Seven space probes have been launched since October 4, 1957, 

three by the U. S. S. R., four by the U. S. All of the U.88 R. space probes 

were directed toward the moon; one launched on January 2, 1959 

passed within a few diameters of the moon and went into an orbit 

around the sun. 

the moon. The third, launched on October 4, 1959, passed close 

enough to take pictures of the far side of the moon and was deflected 

by the gravitational field of the moon to return toward the earth. The 

first U.S. space probe, launched on October 11, 1958 traveled to a 

distance of 70,700 miles; the second, launched on December 6, 1958 

to 63,580 miles; while the third, launched on March 3, 1959 went 

The second, launched on September 12,  1959, hit 
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into orbit around the sun, communication with it being maintained 

to a distance of 407,000 miles. The fourth was launched on 

March 11, 1960 inward toward the orbit of Venus and on April 18 

was at a distance of a little more than five and a half million miles 

from the earth with data still  being received by telemetry. 

Each of the satellites and space probes has produced much 

information on various aspects of the space environment itself and 

of environmental conditions within space vehicles. Many of the 

missions have been directed toward scientific objectives relating 

to the earth and i ts  atmosphere and ionosphere. To illustrate the 

types of information returned, we may consider the return from 

Sputnik 11, Lunik 111, Pioneer V,  and Tiros I. 

Sputnik I1 was launched into an elliptical orbit with initial 

perigee of 140 miles and initial apogee of 1038 miles inclined at 

65 degrees to the equator. It carried the dog tlLaika't for  measure- 

ment of physiological reaction of an animal to space flight. Its 

instruments measured cosmic rays, solar ultraviolet and X-radiation. 

Temperatures and pressures within the satellite were measured. 

Significant solar influence on density in the upper atmosphere was 

noted from measurements of fluctuations in satellite drag which 

were directly correlated with solar activity. Cosmic ray counting 

rate increased with height, not understood at the time but later found 

~. . . . ". . ._ . ......... __ - __ 
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to be associated with the Van Allen radiation belt discovered with 

the instruments in Explorer I. 

Lunik 111 produced the first  pictures of the f a r  side of the 

moon. Lunik 111 demonstrated maneuverability in a large space 

craft, the successful storage of pictures on film and their later 

transmission back to earth. Apparently no further scientific data 

were obtained because of early failure of the power supply o r  trans- 

mission system. 

The Pioneer V space probe, weighing 94.8 lbs.  , was 

accelerated to a velocity of 24,869 miles per hour in an orbit about 

the sun inclined inward toward the orbit of Venus. Its period is 

about 311 days. Its perihelion is about 74,700,000 miles which is 

about eighteen million miles closer to the sun than the orbit of the 

earth. Long-range projection of the trajectory forecasts that 

Pioneer V will be farthest from the earth -- 183 million miles -- 
in September 1962 and that the earth and probe will approach within 

16 million miles in November 1965. Because of the eccentricity of 

the probe orbit, the probe again will come within 15.6 million miles 

in April 1966. A closer approach than this will not occur until 1989 

when the two will come within two million miles of each other accord- 

ing to present estimates. The probe carries instruments to measure 

charged particles in space, i. e. , an ionization chamber and 
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Geiger-Mueller tube to measure total radiation, and a triple coinci- 

dence cosmic ray proportional counter. The probe also carries a 

micrometeorite counter, a magnetometer, and instruments for 

measurement of temperatures and attitude. Power is furnished by 

solar cells mounted on paddles. There are  two transmitters, 5 watts 

and 150 watts, designed to permit communication at distances up to 

50 million miles. 

Tiros I is a 270 lb. satellite which carries two television 

cameras to observe cloud formations and transmit the pictures to 

stations on the ground. It was launched in a nearby circular orbit 

with perigee of 435 miles and apogee of 468 miles with a period of 

99.15 minutes. It is stabilized by spinning, thus maintaining a fixed 

direction in space. Pictures are  obtained when the satellite is in 

that part of i ts  orbit where the camera sees the sunlit portion of the 

earth. The satellite is provided with tape recorders which can record 

a s  many as 32 pictures for  la ter  transmission to the ground stations. 

One of the recorders is at present inoperative. Thousands of pictures 

have been obtained of cloud formations. Tiros promises a major 

forward step in observations of major storms and frontal systems. 

On the basis of this and future meteorological satellites, i t  is hoped 

to develop within a few years an operational system for routine use 

in weather forecasting. 
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For present purposes we are interested in the bearing of the 

information obtained on the prospects for space travel by man. 

Dr. Homer E. Newell, Jr. has recently" discussed this problem 

in some detail. The data obtained on the pressure, density, and 

temperature are required for rational design of any space craft, 

whether carrying man o r  instruments. Similarly data on the iono- 

sphere are of interest because of the electrical charging of the vehicle 

and i ts  effects on radio communication from the vehicle and on i ts  drag. 
4 

One of the major results of our first  satellite launchings was 

the discovery by James A. Van Allen and his colleagues of a belt of 

charged particles trapped in the magnetic field of the earth which 

produced radiation on striking a space vehicle. Further studies 

have shown that the structure of this region is quite complex and 

the outer zone varies in extent with solar activity. Newellvs assess- 

ment of the situation is as follows: 

"The radiation trapped in the Van Allen radiation belt may be 

a serious radiological hazard to the crews of future spzce craft o r  

space stations. There is not yet available enough detail on the particles 

to provide a full answer to the question of how great this hazard is. 

The data presently at hand indicate that exposure levels would be in 
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the range from 2 to 50 roentgens per person in the case of a rocket 

flying directly through the radiation belt to outer space. These 

radiation levels are well below the lethal dosage for human beings 

and may be further reduced by appropriate shielding. Moreover, 

i t  may be possible to launch a craft into outer space through the 

funnel-shaped region around the magnetic poles, thereby avoiding 

passage through the radiation belt. This cannot, however, be done 

in the case of orbiting satellite stations; i f  these are too high, they 

will continually enter and leave the radiation belt. In this case, the 

accumulated exposure might well become s o  great as to prohibit the 

use of the station. Thus, i t  may be necessary fo r  manned satellites, 

at least the early ones, to be placed in orbits around the equatorial 

belt and to remain at  relatively low altitudes---say, below 600 

kilometers. It should be noted, however, that Winckler and his 

co-workers, in recent balloon flights, detected heavy fluxes of 

protons of 100-million-volt energy at low altitudes at the time of a 

major solar flare. It appears that the radiological hazard in space 

flight may be serious for limited periods during times of unusual 

solar activity. I f  

In addition to the hazard of the radiation belt, there is still 

much to be learned about cosmic rays, particularly the roughly one 

percent consisting of heavy nuclei, and about the electromagnetic 
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radiation from the sun. The designer may have to make some provision 

against possible effects on man of these features of the environment. 

The designer also needs more detailed information on meteoroids and 

micrometeorites in order to design an adequately protected structure. 

From this brief review of our beginning steps in the exploration 

of space we see that we have learned much but that much basic infor- 

mation is yet to be obtained before man ventures very far away from 

the earth. Specifically, there are formidable technical developments 

needed to assure the success of manned journeys to the moon and to 

the planets of the solar system. 

Need for a Broad Foundation of Research and 

Te chnoloqic al Development 

The current state of the ar t  of space technology permits certain 

types of space flight missions which have produced important new 

knowledge as just described. Knowledge is adequate, a s  will be dis- 

cussed later,  to begin to gain experience with man himself in the space 

environment. If, however, substantial progress is to be made, we 

must follow the method s o  successful in aeronautical development. 

In this field, we found that the conduct of a broad program of laboratory 

research and technological development in many areas of science and 

technology in ground facilities advanced the state of the a r t  more 

rapidly than could be done by flight experience alone. 
P 
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These areas are often described as problem areas. However, 

they must not be thought of a s  problems which must be solved before 

man can begin to venture into space. Rather they are the areas in 

which the current state of knowledge presently limits the performance 

which can be realized in flight missions. 

Thus U.S. space missions are limited by the present state of 

the art  of propulsion as embodied in available launch vehicles, Our 

payload weights are limited to a few hundred pounds. As a consequence 

we are unable to include certain accurate guidance systems now avail- 

able from ballistic missile developments in the upper stages of our 

launch vehicles. The end result is a limitation on the types of flight 

rnissions which we can undertake with assurance of success. 

Steps are of course underway to accelerate developments in 

the propulsion field to gain increased thrust capability at the earliest 

possible date. But the propulsion problem is not a single problem 

solved by the development of a single new propulsion system. We 

must maintain steady progress not only through study of larger 

chemical rocket systems but through basic research in fuels and 

combustion, and by research and development on new systems such 

as nuclear rockets and nuclear-electric propulsion systems. Without 

going into technical detail, missions with the very large payloads 

required for the travel of man to Mars o r  Venus cannot be undertaken 
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before the foundations a re  laid to make possible propulsion systems 

of adequate performance. 

There are many other areas related to systems associated 

with the overall performance and utility of the vehicle itself. Guidance 

and control is an obvious area in which continuous progress is 

required. At present guidance usually ceases at burnout of the first 

or  second stage rocket, reliance being placed on spinning the upper 

stages to preserve direction. We see already the need for and are 

doing research on improved methods of attitude control, trajectory 

modification by mid-course guidance, and for terminal guidance as 

the moon o r  planet is approached. Another obvious area is that of 

energy sources and conversion systems to power the equipment in 

the space craft and to provide maneuvering power. We began with 

chemical batteries of limited life. We are now using solar power to 

keep batteries charged, a system adequate for smaller unmanned 

space craft and permitting operation for a year o r  more in the 

absence of equipment failure. We have under development nuclear- 

electric systems of greater power, identified in the press and technical 

literature as SNAP systems. 

For the travel of man himself we encounter other problem 

areas. We are unable to make any large modification in man him- 

self and we therefore must provide him with the environment to 
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which he is accustomed, or  as nearly so  as possible, including 

eventually the psychological and social factors. We have had 

limited experience with some of these problems in the environment 

of submarines and aircraft. It is apparent that man must travel in 

a closed cabin at o r  near atmospheric pressure with an atmosphere 

of suitable composition and with temperature controlled within 

narrow limits. Certain measures such as g-suits, special couch 

supports or  restraining belts must be used to copter the effects 

of large accelerations , which, even with such protection, must be 

restricted to tolerable limits. Noise and vibration must be within 

certain limits. In space travel in free space, the acceleration of 

gravity is absent. Its effects on humans and animals are under 

study. This condition can probably be tolerated for  hours but long 

exposure may prove harmful. If so,  the designer will have to provide 

an artificial gravity field by the use of centrifugal force. The present 

state of the art forms a sufficient foundation for space flights of short 

duration, i. e ., for a few hours o r  perhaps days. But we do not have 

a solid foundation for manned flights lasting for months o r  years. 

As soon as we begin to consider travel of man in space for . 

these longer periods of time, a host of new problems arise, associated 

with supply and logistics. Food, oxygen, and water must be 

continuously available, and the weight required for long missions 
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becomes very great indeed. Further the life processes of man 

produce waste products in the form of carbon dioxide, excreted 

water and solid matter which must be disposed of. In these wastes 

are a large number of chemical compounds in very small amounts 

which have deleterious effects i f  accumulated in aa enclosed space 

over a long time. 

Such considerations lead to the study of closed ecological 

systems, i. e., those which reproduce on a small scale the food 

growth processes and the water, oxygen, and other chemical 

cycles which take place in the natural earth environment. Thus 

experiments are needed on the growth of food by photosynthetic 

action of sunlight, on chemical o r  biological systems to free 

oxygen from the exhaled carbon dioxide, and on water purification 

systems. Knowledge in this area is still fragmentary. There are 

many unsolved problems in human physiology, particularly those 

connected with the utilization of minute quantities of many chemical 

elements. We may avoid these problems in our first  short journeys 

but the practicability of longer journeys is dependent on continuous 

progress in this problem area. 

The solution of man's environmental and supply problems 

involves additional energy utilization and additional mechanical and 

electrical systems. His life hangs on their continued operation over 
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the months and years required for the desired missions. We are 

thus face-to-face with the difficult problem of developing long-life 

equipment of high reliability. The study of design methods and test 

procedures to assure high reliability and long life is receiving 

increased at ten tion. 

Finally there is the problem of adequate knowledge of the 

space environment itself with special reference to new hazards to 

man which may require protection. The most obvious problems 

are those related to radiation, cosmic rays, and meteorites which 

are under active study in the current space flight program. 

A review of these many areas in which new knowledge is 

needed indicates the broad nature of the program required to 

eventually bring about the exploration of the solar system by man. 

The time scale of any specific mission is fixed by the rate at which 

we push forward. 

Milestones of Space Exploration 

The assessment of the future course of space exploration is 

a matter of extrapolation of past experience in the light of the fore- 

seen problems. As such i t  is highly speculative. Prediction of the 

direction of technical progress is usually more reliable than predic- 

tions of time scale. A major uncertainty is the magnitude of t.he 

resources which any one nation o r  the world as a whole will devote 

- .  . . . 
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to space exploration. The predictions of any one individual are likely 

to be colored by his mood of optimism o r  pessimism and the degree 

of his responsibility for making the prophecies come true. In the 

attempt to provide a better assessment than the judgment of one 

individual, we may consider the views recorded in two studies of the 

next ten years in space exploration. 

One study consists of a staff report of the Select Committee 

on Astronautics and Space Exploration published on January 2, 1959 

under the title, llThe Next Ten Years in Space, 1959-1969. 

report is based on a summary of the views of 56 scientists, engineers, 

industrialists, military officials, and Government administrators 

concerned with the national space program. The report contains 

the statements of the 56 individuals as well as a summary by the 

staff of thecommittee. 

This 

As might be expected the predictions vary widely. Neverthe- 

less there was substantial agreement on the progression of steps to 

be followed a s  man travels to greater and greater distances from the 

earth. These are the development of manned earth satellites, and of 

manned space stations, i. e., large satellites carrying several men, 

circumnavigatior, of the moon by man and return to earth, landing on 

the moon and return, manned expedition to Mars  and Venus, the near- 

est planets. There were few attempts to forecast steps beyond Mars 

and Venus. 



It is noteworthy that not one of the 56 questioned the possibility 

of man's reaching the moon. The only question appeared to be when. 

Although a few forecast the landing of man on the moon near the end 

of the decade, if  a very high priority were placed on this goal, the 

majority placed the date a few years beyond the ten-year period. It 

was generally believed that the circumlunar flight of man would be 

accomplished before 1969. 

The second group, whose collective views are worthy of con- 

sideration, consists of the scientists engineers, and administrators 

of my own agency, the National Aeronautics and Space Administration, 

who are charged by the Congress of the United States with the responsi- 

bility for the exploration of space for  peaceful purposes and the general 

welfare. In January of this year the NASApresented to Congress its 

Ten-Year Plan of space activities. About 28 major vehicle launchings 

per year are anticipated. Launch vehicles of increasing capability are 

under development and the weight of the largest individual space craft 

that can be launched into a low altitude earth orbit of about 300 miles 

increases from about two hundred pounds to more than fifty thousand 

pounds at the end of the decade. Correspondingly the weight capability 

for other more difficult missions to the moon and planets will increase 

by a large factor. 

, ..__"..I I .  . .  . .  . . . .  ~. .. . . -. . . . . . . __ , . ._ . . "  
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The NASA Ten-Year Plan includes a list of mission target 

dates. The manned missions included are the first  suborbital flight 

of an astronaut during this calendar year, the orbital flight of an 

astronaut in 1961, first launching in a program leading to manned 

circumlunar flight and to permanent near-earth space station in 

1965 to 1967, with manned flight to the moon beyond 1970. 

The program includes many unmanned missions, which 

support the later manned missions, such as the f i rs t  launching of 

an unmanned vehicle for controlled landing on the moon in 1963 to 

1964 and unmanned lunar circumnavigation and return to earth in 

1964. In addition, launchings of unmanned missions to the vicinity 

of M a r s  and Venus in 1962 and 1964 are  included a s  well as the first  

launching of an orbiting astronomical and radio astronomy observa- 

tory in 1963 to 1964. 

Speculative Course of Future Development 

Only a few scientists have attempted to speculate about the 

distant future, although many others have exercised imagination 

without the restraints of current scientific knowledge. Extension 

of space travel to the limits of the solar system is certainly con- 

ceivable of accomplishment in several decades. Travel to the s ta rs  

is quite another matter. The nearest s t a r  is 25 million million miles 

away. It takes light more than four years to make the journey. 
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Hence travel of man could be practical only if the velocity of the 

space craft approaches a large fraction of the velocity of light. 

In the Congressional study referred to previously, Prof.  Dr. Ing. 

Eugen S h g e r  of the Technische Hochschule at Stuttgart states: 

"According to present-day knowledge the development wil l  be via  

thermal atomic rockets ionic rockets to field-quantum rockets, 

e. g. , photon rockets, which will result in flying velocities s o  high 

that, maybe in the next century, fixed s ta r  systems, which are 

millions of light years away, can be reached within a few years of 

the lifetime of the crew. 

probably not very reliable. 

Extrapolation to the next century is 

Milestones of space exploration of interest to many are  the 

dates when flight in space, either suborbital to great distances on 

the earth, in earth satellite orbits, o r  to the moon and planets, will 

be as routine and familiar a s  the ocean-spanning travel in the jet 

transport airplanes of today. In my opinion these milestones will 

be reached but they me too far away to be accurately forecast. I 

will take refuge in paraphrasing the words of A. 3'. Zahm'l in 1894 

with reference to the conquest of the air: It were vain for u s  to 

speculate on the eventualities of the conquest of space, for they 

are incalculable. 
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Project Mercury 

Let us then leave speculation about the future and return to 

the facts about the activities of today as we approach the f i rs t  travel 

of man in orbital flight about the earth. The effort of the United States 

is known as Project Mercury. Its objective is to determine the capa- 

bilities of man to contribute to space exploration. 

There a re  differences of opinion about the contribution which 

man can make to the exploration of space in the near future. Some 

feel that any desired task can be done by automatic equipment. 

Experience with research airplanes has emphasized the limitations 

of automatic devices; they can deal only with completely foreseen 

events based on programs prepared in advance from complete 

knowledge. Only the skill of a Bridgeman could retain control and 

land the D558-2 airplane when it  unexpectedly encountered a region 

of instability at high supersonic speed. 

The characteristics of man not yet reproducible by an auto- 

matic device are, in the words of George A. Peters, 22 "his ability 

to make unrehearsed observations and decisions, to function effectively 

in rather ambiguous perceptual situations, to draw upon and use an 

immense existing data-storage capability, and to adapt o r  change his 
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mind as the circumstances dictate.. . . . - .  . . . .He will probably find 

useful roles in flight management , scientific observation, mainten- 

ance and repair, reliability override, redundancy, o r  adjustment 

functions; special tasks such as the assembly of space stations, o r  

merely to save the weight, cost, and development time of certain 

complex o r  highly specialized equipment. 

While in a sense the astronaut in Project Mercury may be 

considered as a biological mechanism whose functioning is to be 

measured, he is far more than a passive specimen. Provision is 

made for him to perform functions of a pilot, flight engineer, navi- 

gator, and radio operator. To assure his safety there is being 

established a network of ground stations throughout the world with 

access to high-speed computers by means of which the space craft 

can be controlled from the ground when cecessary. Because of the 

high velocity and the exactness required in maneuvers, the space 

craft is equipped with automatic sensing and control devices of the 

type already found necessary in high speed military aircraft. But 

the astronaut can make certain changes and adjustments, can control 

the attitude of the capsule, and can take emergency actions if the 

automatic devices shouid fa i l .  

The astronaut is provided with navigation devices, and should 

be able to know his position at every moment. He is expected to 

. -- 



maintain communication with the ground, reporting his own condition, 

the functioning of the craft and i ts  equipment, and the observational 

data he is collecting. Thus, while the successful performance of the 

Project Mercury mission does indeed have high overtones of national 

prestige, i t  is primarily the necessary step to determine manp$ capa- 

bilities under the new environmental conditions of orbital flight. If, 

for example, i t  should turn out that the effects of weightlessness for 

extended periods greatly inhibited the ability of man to do the relatively 

simple tasks described, space travel of man would have to await the 

development of large capsules in which gravity could be simulated by 

centrifugal force. 

The simplest approach to space craft design was chosen for 1 

Project Mercury, although it  should not be considered that the space 

craft is simple. The capsule, in which the astronaut travels, is 

roughly the size and shape of an Indian tepee, with an extension at 

the top in which parachutes are housed for landing. The capsule is 

placed in a nearly circular orbit at an altitude between 100 and 150 

miles by an Atlas intercontinental ballistic missile booster. At a 

height of 125 miles the speed is about 17,400 rniles per hour and the 

three circuits around the earth planned for  the mission a re  completed 

in about 4-1/2 hours. The launching will be made from Cape Canaverd, 

Florida and the r e c o d r y  wil l  take place in the water area of the 

Atlantic Missile Range. 
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The astronaut lies on his back, on a contour-fitting seat, for 

rnaximum protection against the high forces developed by the accel- 

eration at takeoff. The capsule is provided with an escape system, 

in case the mission has to be interrupted. It is designed to operate 

automatically, i f  the rocket fails; or the ground crew can touch i t  

off; o r  the pilot himself can operate it. A special escape rocket 

then catapults the capsule free of the booster, to an altitude where 

the landing parachute can be deployed; and he is lowered, in the 

capsule, to the ground o r  sea, just as in a normal landing. 

To return to earth from orbit at the end of a successful 

launching, the capsule is turned s o  that i ts  broad base, containing 

the heat shield and the retro-rockets will face in the direction of 

flight. 

orbital speed. The capsule then descends gradually, base down, 

into the atmosphere again. 

The retro-rockets are fired, slowing the capsule below 

The heat shield dissipates the heat 

energy developed on re-entry, and the air resistance slows the 

capsule still  more. A small parachute is used for further retarda- 

tion and then the main parachute deployed fo r  landing. The normal 

landing will be on the water. Aircraft are  guided by radio beacons 

on the capsule to i ts  location. Surface vessels make the recovery. 

Such is the Mercury mission. An exhaustive test program 

is in progress on every component of the vehicle and every phase of 
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the flight , including the escape system maneuvers. Instrumented 

flights , and flights with animals, will precede manned flights. As 

mentioned earlier,  i t  is hoped to have the first suborbital training 

flight of an astronaut, using a Redstone booster, during this calendar 

year, and the f i rs t  orbital flight of an astronaut during the calendar 

year 1961. These dates are  dependent on satisfactory results in the 

remaining test program for qualification of the capsule and i ts  

equipment, and on satisfactory performance of the tracking and 

recovery crews in the unmanned flights. 

Why Explore Space? 

Our review of the prospects f o r  space travel has led us from 

the fantasies of centuries ago to the events of the last three years, 

then to an assessment of the problems of manned space flight to the 

moon and planets and into the milestones of future development. We 

have considered the probable advances in the next decade with some 

assurance, and speculated in more general terms about the following 

years. In view of the expectations of the science fiction writers, and 

of other imaginative thinkers, the rate of advance may seem slow. 

Even s o ,  the rate of expenditure will soon surpass one billion dollars 

per year. The plans and program are keyed to a sound but bold scien- 

tific and engineering approach as illustrated in the more detailed 

report on the research and development leading to the orbital flight 

of an astronaut. 
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The actual beginning of the construction of avehicle for 

manned space travel has st irred the imagination of people every- 

where and evoked emotional a s  well as rational responses. The 

attention of the public has been aroused to contemplate the tremen- 

dous dimensions of the universe, almost infinite by comparison 

with terrestrial  distances. Twenty-six million miles to Venus, 

forty-nine million miles to Mars, 3680 million miles from the sun 

to Pluto at the outer edge of the solar system. The nearest of the 

s ta rs  is twenty-five million million miles away, and travel to it at 

10 miles per second would require 80,000 years. Is the travel of 

man to the s ta rs  a futile dream? Each generation of man builds on 

the shoulders of the past. The exploration of space has  begun; who 

now can set  limits to i ts  future accomplishments? 

Many of our fellow citizens, busy with everyday living, have 

been incited to consider an age-old question: Are the earth and man 

unique creations o r  are there intelligent beings on other celestial 

bodies elsewhere in the universe? What is the chemistry of their 

life processes? To what depths of understanding of the universe 

have their minds penetrated? What is the nature of their culture, 

their religious and philosophical beliefs? As already mentioned 

prominent scientists in the early years of the nineteenth century 

discussed suitable means of communication with the residents of 

other planets, proposing the langmge of mathematics as the universal 
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language. Today we read in the press that scientists of our day 

listen for  intelligible messages among the radio signals from outer 

space. 

Is this urge of man to explore and to know a sufficient 

reason to explore space? Certainly it is one of the reasons. New 

knowledge of the universe has in the past always been found to be a 

gold mine whose output had continuing repercussions on mm?s  life 

on earth and on his intellectual and spiritual horizons. These later 

effects were at the time completely unforeseeable. 

The exploration of space promises knowledge which can 

almost immediately be exploited for the economic and social benefit 

of mankind. The rich treasure returned promises to be a potent force 

in the affairs of men, as real as goldfrom the new world in the seven- 

teenth century, or spices from India, o r  furs from the far North. 

The developments of meteorological and communications satellites 

are examples of peaceful uses which advance human welfare. 

Perhaps the greatest economic treasure is the advanced technology 

required fo r  more and more difficult space missions. This new 

technology is advancing at a meteoric rate. Its benefits are spread- 

ing throughout our whole industrial and economic system. 

It is generally believed that space exploration will make great 

contributions to national defense. As in the early days of the airplane 

we find i t  difficult to visualize the military applications of space craft 
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beyond the near future. We foresee the use of space craft in disarma- 

ment inspection systems and in early warning systems, We are confi- 

dent that other applications will develop. Some see space as a new 

arena of battle and conflict between nations and races. Certainly 

in the current cold warfare the rate and scale of our space activities 

are determined in large part by their probable political and psychological 

impact. 

Some see space as a land of promise, where the nations, having 

failed to accommodate their differences on earth, may work together 

in the exploration and exploitation of space for peaceful purposes and 

for the behefit of mankind. Congress has in fact declared that such is 

the policy of the United States and created a special agency, the 

National Aeronautics and Space Administration, to implement that 

policy. We, in NASA, are convinced that every possible effort should 

be made to secure the cooperation of other nations. The task of space 

exploration is global in nature; it requires large resources; and its 

needs are better matched by the resources of the whole world than 

by those of ohe nation. 

Conclusion 

In summary, space w i l l  be explored for many reasons--- 

scientific, economic, military, political. The question is not why, 

but when, and by whom? Its exploration with the powerful tools of 
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satellites and space probes has already begun. Man himself is the 

most versatile observer of all and will take part in the exploration. 

We may be confident that in time space travel will be commonplace, 

although we are unable to forecast the details of future space craft 

or the timekable of their development. A s  Wilbur Wright indicated 

long ago: "But it is not rea3ly necessary to look too far into the future; 

we see enough already to be certain that i t  will be magnificent. Only 

let us hurry and open the roads. 
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MR. ROSEN: May I have your a t t e n k i o n  please. 

You w e r e  called here fo r  a press conference ,  t h e  
purpose of which is t o  show examples of r e s u l t s  t o  d a t e  of 
t h e  TIROS I me teo ro log ica l  s a t e l l i t e  experiment ,  

The s a t e l l i t e  w a s  launched i n  t he  e a r l y  a . m .  of 
A p r i l  1, 1960. Today marks t h e  t h i r d  week a n n i v e r s a r y  of 
t h i s  launching ,  and success .  

People  on ou r  pane l  w i l l  d i s c u s s  t he  v o r t i c e s  
t h a t  have been observed,  and t h e  mosaics t h a t  have been 
developed from t h e  d a t a  so far  collected and t r a n s m i t t e d  
by TIROS I ,  Every th ing  is on t h e  r e c o r d ,  

The p a r t i c i p a n t s  are: D r .  F. W. R e i c h e l d e r f e r ,  
C h i e f  of t h e  U. S. Weather Bureau; D r ,  H a r r y  Wexler, 
Director of Meteoro logica l  Research;  D r ,  Sigmund F r i t z ,  
Chief S c i e n t i s t  of t h e  S a t e l l i t e  S e c t i o n ;  R r .  Abe 
S i l v e r s t e i n ,  Di rec tor  of Space F l i g h t  Programs; D r .  Morris 
Tepper,  Chief of t h e  Meteoro logica l  S a t e l l i t e  Program; and 
W i l l i a m  G.  S t r o u d ,  Chief  of Meteorology, G d d a r d  Space 
F l i g h t  Center .  

D r .  S i l v e r s t e i n  w i l l  moderate. There are state- 
ments from t h e  Department of  Commerce. 

If p o s s i b l e  d i rec t  your q u e r i e s  t o  m e  so t h a t  I 
might r e p e a t  them. Then w e  w i l l  have a f a i r l y  re l iable  
t r a n s c r i p t  of t h e s e  proceedings  f o r  you, r e a d y  tomorrow 
morning. 

I would l i k e  t o  t u r n  t h e  proceedings  over  t o  
D r .  Abe S i l v e r s t e i n .  

MR. SILVERSTEIN: Gentlemen, T IMS I ,  our  
expe r imen ta l  weather  s a t e l l i t e ,  h a s  now completed some 300 
o r b i t s  around t h e  E a r t h  and h a s  t aken  over  7,000 p i c t u r e s  
of  t h e  c l o u d s  above t h e  Ea r th .  

As you know, TIROS I r e p r e s e n t s  our first expe r i -  
ment i n  us ing  t h e  s a t e l l i t e  technology t o  s tudy  t h e  weather ,  
and i n  a much l a r g e r  s e n s e  t o  g a i n  an unders tanding  of t h e  
atmosphere sur rounding  t h e  Earth., 
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We view o u r  first r e s u l t s  h e r e  as  d e f i n i t e l y  
research r e s u l t s  i n  character, They h e l p  u s  unde r s t and  
what we can  l e a r n  from t h e  s a t e l l i t e s  t h a t  are used $or 
t h e s e  o b s e r v a t i o n s ,  and also have been able i n  some 
measure  t o  g a i n  some i n t e r e s t i n g  u n d e r s t a n d i n g s  and obse r -  
v a t i o n s  and f i n d i n g s  r e g a r d i n g  t h e  v a r i o u s  f o r m a t i o n s  t h a t  
o c c u r  i n  large areas of c loud  f o r m a t i o n s ,  and a lso some 
u n d e r s t a n d i n g  of how t o  i n t e r p r e t  them. 

We have w i t h  u s  today  peop le  f r o m  t h e  Weather 
Bureau who w i l l  m a k e  p r e s e n t a t i o n s  o n  some o f  t h e  r e s u l t s  
t h a t  have been o b t a i n e d  and  g i v e  you some u n d e r s t a n d i n g  of 
t h e i r  meaning. 

Next t o  m e  here is D r .  F. W ,  Reichelderfer, 
Chief  of t h e  Weather Bureau, who w i l l  read t h e  Weather 
Bureau p r e s e n t a t i o n .  

MR. REICHELDERFER: Thank  you, D r .  S i l v e r s t e i n .  

Qr. S i l v e r s t e i n  has  referred t o  the fact  t h a t  
t h i s  is t h e  beg inn ing  of a long-range program9 and a 
reeesrch and e x p e r i m e n t a l  program. I would Bike t o  
emphasize t h a t ,  and t o  s a y ,  by way o f  a bit of a n p l i f i c a -  
t i o n ,  t h a t  m e t e o r o l o g i s t s  have been c a l l e d  on for decades  
now t o  t e l l  t h e  p u b l i c  a n d  t o  t e l l  i n t e r e s t e d  o r g a n i z a t i o n s ,  
b u s i n e s s e s ,  t r a n s p o r t a t i o n ,  everybody i n t e r e s t e d  i n  w e a t h e r ,  
i n  de t a i l  what is going on i n  t h e  a tmosphere ,  and t o  t e l l  
i t  i n  much g r e a t e r  d e t a i l  t h a n  w e  have had o b s e r v a t i o n a l  
data t o  s u p p o r t  t h e  s e r v i c e ,  

The satellite, t h e  long-range program, o f f e r s  a 
new v iewpo in t ,  a new c a p a b i l i t y  for s e e i n g  what is go ing  on 
i n  t h e  a tmosphere ,  n o t  o n l y  i n  t h e  c l o u d  pho tographs  t h a t  
you are going t o  see more about  today ,  b u t  i n  o t h e r  a s p e c t s  
of measuring t h e  charac te r i s t ics  of t h e  a tmosphere of 
impor t ance  t o  humans, about  which we have known r e l a t i v e l y  
l i t t l e  and abou t  which w e  have s e e n  some i n  t h e  newspapers 
w i t h  r e s p e c t  t o  o t h e r  r e s e a r c h  programs that are going on.  

I b e l i e v e  you have c o p i e s  of this p r e l i m i n a r y  
s t a t e m e n t .  I s h a l l  t ouch  on o n l y  a f e w  of t h e  s e n t e n c e s  
which seem to  be of s p e c i a l  s i g n i f i c a n c e ,  and t h e n  q u i t e  
r i g h t f u l l y  1 w i l l  ask D r .  Wexler t o  t a l k  about  t h e  charts 
themselves .  
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H e  and D r .  F r i t z  have n o t  on ly  been c l o s e r  t o  
t h e  almost hour by hour developments i n  t h e  photographs 
than  I have been, bu t  D r .  Wexler i n  p a r t i c u l a r  had t h e  
gleam i n  t h e  e y e  about  what s a t e l l i t e s  might do long be fo re  
t h e  rest of us  did.  H e  gave a t a l k  be fo re  an audience a t  
t h e  Hayden P lane ta r ium i n  1954 i n  which he p re sen ted  a 
p i c t u r e  of what c loud  s y s t e m s  viewed f r o m  t h e  s a t e l l i t e  
might look l i k e  over  North and South America, and he even 
pu t  i n  an idea of how a h u r r i c a n e  m i g h t  appear. T h i s  
t u rned  o u t  t o  be an e x c e l l e n t  six-year i n  advance f o r e c a s t .  

about t h e  
So D r .  Wexler w i l l  cover  most of. t h e  de ta i l s  
photographs.  

TIROS has r e v e a l e d  an unexpectedly l a r g e  degree 
of o r g a n i z a t i o n  i n  t h e  cloud s y s t e m s  over  much of t h e  
E a r t h ' s  s u r f a c e .  The m o s t  s t r i k i n g  p a t t e r n s  are t h e  s p i r a l  
c loud  format ions  a s s o c i a t e d  wi th  l a r g e  storms, some as 
much as 1500 m i l e s  i n  diameter,  observed i n  such p l a c e s  as 
t h e  United S t a t e s ,  North A t l a n t i c  Ocean, North and South 
P a c i f i c  Oceans, and t h e  Indian  Ocean. 

I t  is w e l l  known from r a d a r  o b s e r v a t i o n s  t h a t  
h u r r i c a n e s  are characterized by bands of c louds  which s p i r a l  
inward around t h e  storm c e n t e r .  Now, as a direct  r e s u l t  of 
TIROS w e  have seen  t h a t  s p i r a l  banded cloud s t r u c t u r e  a lso 
e x i s t s  around well-developed storms l o c a t e d  o u t s i d e  of t h e  
Trop ic s  a 

A s y s t e m a t i c  i n s p e c t i o n  of these. c loud p i c t u r e s  
is j u s t  now g e t t i n g  underway. I n  t h e  months ahead p i c t u r e s  
are expec ted  t o  r e v e a l  much new informat ion  about a l l  s o r t s  
o f , a tmosphe r i c  p rocesses  -- from, f a i r  weather s i t u a t i o n s  t o  
i n c i p i e n t  s to rminess  t o  t h e  growth of a f u l l y  mature storm 
and i ts  f i n a l  d i s s i p a t i o n .  

I n i t i a l  r e s u l t s  f r o m  t h i s  one exper imenta l  
s a t e l l i t e  lead u s  t o  b e l i e v e  t h a t  a new era i n  meteorologi- 
cal observ ing  is about t o  open t o  us. I might s a y  t h e r e  
t h a t  I b e l i e v e  you a l l  recognize  t h a t  TIROS I is exper i -  
mental ,  and w e  do no t  ge t  complete o b s e r v a t i o n s  f r o m  t h i s  
s a t e l l i t e  a t  t h e  p r e s e n t  t i m e .  

T h i s  w i l l  apply  no t  on ly  t o  uninhabi ted  areas 
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where m e t e o r o l o g i c a l  o b s e r v a t i o n s  are l a c k i n g  i n  nuff  i c i e n t  
q u a n t i t y ,  b u t  even  o v e r  d e n s e l y  p o p u l a t e d  a r e a s  where t h e  
s a t e l l i t e ' s  v i e w  of c l o u d  cove r  may i n t r o d u c e  new c o n c e p t s  
abou t  a t m o s p h e r i c  s t r u c t u r e  and w i l l  c o n t r i b u t e  m a t e r i a l l y  
t o  o u r  u n d e r s t a n d i n g  of t h e  n a t u r e  and l i f e  h i s t o r y  of 
s e v e r e  storms. 

M e t e o r o l o g i s t s  i n  g e n e r a l ,  I t h i n k  I may s a y ,  
are q u i t e  d e c i d e d l y  o p t i m i s t i c  abou t  what can  be done ,  
a l t h o u g h  t h e  development r o a d  ahead  is a long  one  and we 
may have many setbacks and many d e l a y s  i f  w e  can  j u d g e  from 
p a s t  e x p e r i e n c e  i n  m e t e o r o l o g i c a l  matters. 

Thank you, gent lemen.  I would l i k e  t o  ask Dr. 
Wexler t o  go ahead  w i t h  some of t h e  more s p e c i f i c  descrip- 
t i o n s .  
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MR. WEXLER: Gentlemen, f o r  t h e  first time meteor- 
o l o g i s t s  have a n  obse rv ing  p l a t f o r m ,  a movable obse rv ing  
p l a t f o r m ,  commensurate w i t h  t h e  g l o b a l  n a t u r e  of t h e  problem 
w i t h  which he d e a l s .  Oceanographers have a s a y i n g  t h a t  
s e v e n t y  p e r c e n t  of  t h e  world i s  covered by water; meteor- 
o l o g i s t s ,  t h a t  one hundred p e r c e n t  of  t h e  e a r t h  i s  covered 
by a i r .  The m e t e o r o l o g i s t s  have had a d i f f i c u l t  problem 
of  t r y i n g  t o  f i n d  o u t  what i s  happening i n  t h e  unknown a r e a s  
of t h e  a tmosphere ,  which could  conce ivab ly  a f f e c t  popu la t ed  
areas.  

With t h i s  first weather  s a t e l l i t e  we a re  beginning  
t o  see a s o l u t i o n  on t h e  h o r i z o n  of  a n  o b s e r v i n g  program 
which w i l l  go  many, many y e a r s  i n t o  t h e  f u t u r e ,  add ing  s t e p  
by s t e p  t o  o u r  knowledge of  what t a k e s  p l a c e  i n  t h i s  enormous 
b l a n k e t  of a i r  which i s  s o  enormous t h a t  i f  each  pe r son  on 
e a r t h  were g i v e n  a n  e q u a l  mass o f  t h e  atmosphere t o  obse rve ,  
he would have abou t  2.5 m i l l i o n  t o n s  of  a i r  t o  look  a t .  

Amon t h e s e  f irst  r e s u l t s  t h a t  have come from 
TIROS i n  t h e  t a ree weeks it h a s  been i n  o r b i t ,  we have g l e a n e d  
some o f  t h e  more s t r i k i n g  examples and p u t  them t o g e t h e r  i n  
two rough c a t e g o r i e s  of  phenomena. 

One, t h e  l a r g e - s c a l e  v o r t e x  o r  c y c l o n i c  s torm.  I 
want t o  make s u r e  t h a t  by f f c y c l o n i c  stormtt you don ' t  i n t e r p r e t  
t h i s  t o  be t o r n a d o e s .  ttCyclonesft a re  used  f o r  t t to rnadoes t f  
Cyclonic  s to rms  r e a l l y  mean a s to rm t h a t  i s  r o t a t i n g  coun te r -  
c lockwise  i n  t h e  Nor thern  Hemisphere and i s  of  v e r y  large 
s i z e ,  hundreds  t o  a few thousand mi les  i n  d i ame te r .  T h i s  i s  
one c a t e g o r y  I s h a l l  emphasize i n  t h e  beg inn ing .  

I n  t h e  second c a t e g o r y ,  t h e  two l a s t  p i c t u r e s  h e r e ,  
which w i l l  be a mosaic on t h e  one hand of abou t  t h i r t y  d i f -  
f e r e n t  p r i n t s  t o  show a s t r e t c h  of  c l o u d s  e x t e n d i n g  from t h e  
P a c i f i c  Coast  ea s tward  o v e r  t o  t h e  Med i t e r r anean  and t h e  Near 
East, and  a l s o  a schemat ic  r e p r e s e n t a t i o n  o f  t h e  same t h i n g .  

I would l i k e  t o  s ta r t  w i t h  t h e  first c a t e g o r y .  
Here on t h i s  f irst  p l a c a r d  h e r e  we have seven d i f f e r e n t  
examples o f  v o r t i c e s  observed  by TIROS i n  bo th  t h e  Nor thern  
a n d  Sou the rn  Hemispheres. 

T h i s  p i c t u r e ,  l a b e l e d  1, was t h e  s to rm t h a t  was 
p icked  up i n  t h e  e a r l y  o r b i t s  o f  TIROS on t h e  f irst  day of 
l a u n c h ,  A p r i l  1st -- t h r e e  weeks ago .  T h i s  shows t h e  s to rm 
120  miles  east  o f  Cape Cod, c e n t e r e d  a t  a b o u t  t h i s  s p o t ,  
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w i t h  d r y  c o n t i n e n t a l  a i r  s t r eaming  o f f  t h e  United S t a t e s ,  
n o t  shown by c louds ,  and o f f  t h e  Coast t h e  mois t  a i r  
s t r eaming  up t o  t h e  n o r t h ,  counterc lockwise  around t h e  
c e n t e r ,  p roducing  widespread c louds  and p r e c i p i t a t i o n  a s  
f a r  n o r t h  a s  t h e  Gulf o f  S t .  Lawrence. 

On t h a t  same day mention was made of a s torm i n  
t h e  Midwest. That i s  i l l u s t r a t e d  by photograph No. 2.  
T h i s  was c e n t e r e d  ove r  Sou theas t  Nebraska,  a r a t h e r  ex ten-  
s i v e  s torm.  Again,we have a c l e a r  a i r  p o r t i o n  shown by a 
da rk  a r e a ,  t h e  ground undernea th ,  which h a s  l e s s  b r i g h t -  
n e s s  t h a n  t h e  c l o u d s ,  t h e  c o l d  a i r  from Canada s t r eaming  
i n t o  t h a t  a r e a ,  n o t  c h a r a c t e r i z e d  by c l o u d s ,  and t o  t h e  
eas t  t h e  moist  a i r  from t h e  Gulf of  Mexico, i n  t h d s  g e n e r a l  
neighborhood,  s t r eaming  around i n t o  t h a t  c e n t e r  and pro- 
duc ing  r a t h e r  widespread r a i n s .  
Gulf of  Mexico where t h e  c loud  i s  ex t r eme ly  b r i g h t ,  i n d i -  
c a t i n g  t h a t  t h e  c louds  a r e  v e r y  h i g h ,  t hunde r s to rms  were 
found i n  t h a t  a r e a .  

I n  t h i s  case  n e a r  t h e  

It  i s  a s o r t  o f  s i t u a t i o n  i n  which t o r n a d o e s  a r e  
t o  be found i n  t h i s  v e r y  b r i g h t  c loudy a r e a ,  e s p e c i a l l y  
t h i s  t ime of  yea r  i n  t h e  Midwest. 

A t h i r d  v o r t e x  was observed a l s o  A p r i l  l s t ,  i n  
t h e  Gulf o f  Alaska,  f i v e  hundred miles  s o u t h e a s t  of  Kodiak 
I s l a n d .  You are  some d i s t a n c e  from t h e s e .  I hope you 
can  come and look  a t  t h e  d e t a i l s .  The v o r t e x  c i r c u l a t i o n  
i s  c l e a r l y  ev idenced  by t h e  c l o u d s  which form i n  a c i r c u l a r  
a r r a y ,  and t h e  l a r g e  c l e a r  a r e a  i n  t h e  c e n t e r  of  t h e  s torm.  

Number 4 p i c t u r e  r e f e r s  t o  a v e r y  b i g  s torm 1500 
m i l e s  i n  d iameter  l o c a t e d  t h r e e  hundred mi les  west of  
I r e l a n d  on A p r i l  2nd. 
w h i r l i n g  around,  had no f r o n t s  a s s o c i a t e d  w i t h  i t .  It h a s  
l o n g  s i n c e  wound up around t h e  c e n t e r .  
well-marked s t r u c t u r e  t o  t h e  c l o u d s  t h a t  you can  s e e ,  I 
t h i n k ,  from where you a re  s i t t i n g ,  a banded s t r u c t u r e .  It 
i s  q u i t e  d i f f e r e n t  from t h e  p i c t u r e s  i n  t h e  f irst  two. 
These a r e  s torms  most ly  over  t h e  c o n t i n e n t a l  area or j u s t  
o f f  t h e  c o a s t .  The s to rms  over  t h e  oceans,  s o  f a r  a s  we 
have been ab le  t o  s e e  now, seem t o  show more of a banded 
s t r u c t u r e .  By t h a t  I mean c i r c u l a r  bands of  c l o u d s ,  o f  
w id th  perhaps  r a n g i n g  from twenty  miles t o  a few hundred 
mi les ,  s p i r a l i n g  around t h e  c e n t e r  i n  a counterc lockwise  
manner. 

T h i s  i s  a v e r y  o l d  s torm which was 

There i s  a r a t h e r  
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Number 5 i s  t h e  same storm, a day l a t e r ,  a d i f -  
f e r e n t  view of i t ,  look ing  a t  it from t h e  southwest  i n s t e a d  
o f  f rom t h e  s o u t h e a s t .  Here you can see t h e  c h a r a c t e r  of  
t h a t  c i r c u l a t i o n  h a s  changed. I n s t e a d  of  t h e r e  be ing  q u i t e  
a few smaller bands t h e r e  seems t o  be j u s t  one v e r y  large 
band winding around.  
s i d e r a b l e .  We havenet  r e a l l y  made any  pho togramet r i c  
measurements bu t  I would e s t i m a t e  perhaps  150 m i l e s  wide 
a t  i t s  wides t  p o i n t .  

The width of t h a t  band i s  q u i t e  con& 

Number 6 i s  a n o t h e r  v o r t e x  of a d i f f e r e n t  c h a r a c t e r  
f rom t h e  o t h e r s .  T h i s  was l o c a t e d  800 miles west of  Southern  
C a l i f o r n i a ,  A p r i l  4 t h ,  and h a s  a v o r t e x  abou t  a thousand 
m i l e s  i n  d i ame te r .  Here you can see superimposed s e v e r a l  
dimensions of  bands.  A very  l a r g e  banded s t r u c t u r e ,  c l e a r ,  
c loud  complex, c l e a r  a g a i n ,  a n o t h e r  c loud complex. But 
t h e n  t h e  i n d i v i d u a l  band i s  broken up i n t o  a s e r i e s  of 
smaller bands,  and probably  i f  we had f i n e  enough d e t a i l  
t h e r e  would be s m a l l e r  bands w i t h i n  t h o s e .  The atmosphere 
seems t o  be capable  of  a n  immense v a r i e t y  of  s c a l e ,  and 
t h i s  shows i n  one p i c t u r e  a large v a r i e t y  of  s c a l e .  We 
had a few s h i p  r e p o r t s  i n  t h i s  area between Hawaii and 
C a l i f o r n i a  which l e d  u s  t o  b e l i e v e  t h e r e  was a s torm t h e r e .  
We had no d e t a i l s .  I w i l l  show you a weather  map of  t h a t  
l a t e r  on. 

We c e r t a i n l y  would not  s u s p e c t  f rom t h e  few 
o b s e r v a t i o n s  we d i d  have t h i s  amount of  s t r u c t u r e  t o  t h e  
s torm.  The i n t e r p r e t a t i o n  of  t h i s  amount of s t r u c t u r e  
we are  not  i n  p o s i t i o n  t o  make. T h i s  i s  new t o  u s ,  r e a l l y .  
T h i s  w i l l  form a s u b j e c t  f o r  s t u d y  i n  t h e  months and  y e a r s  
t o  come. 

P i c t u r e  No. 7 i s  a n o t h e r  v o r t e x  i n  t h e  Southern  
Hemisphere, where t h e y  r o t a t e  c lockwise i n s t e a d  counter -  
c lockwise .  T h i s  p i c t u r e  i s  more familiar t o  u s  because we 
have seen  t r o p i c a l  cyc lones  a s  t h e y  c a l l  them i n  A u s t r a l i a  -- 
we c a l l  them h u r r i c a n e s  and t h e  Japanese c a l l  them typhDons. 
We have seen  them by means of  r a d a r ,  l i m i t e d  p o r t i o n s .  They 
a r e  u s u a l l y  smaller v o r t i c e s  r a t h e r  t h a n  t h e  t y p e  shown h e r e .  
T h i s  banded s t r u c t u r e  was known a s  a t r o p i c a l  s torm bu t  n o t  
suspec ted  r e a l l y  i n  its h igh  f r equency  f o r  t h e  s to rms  o u t -  
s i d e  t h e  T r o p i c s .  Th i s  was t h e  s to rm t h a t  was l o c a t e d  
about  1200 mi les  e a s t  of  Br i sbane ,  Australia, on Sunday, 
August 1 0 t h .  You can see t h e  c l o u d l e s s  eye of  t h e  s torm.  

So much f o r  t h e  f i r s t  p l a c a r d .  

. . .  . , . -. 
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On t h e  second p l a c a r d  I show you theyweather  maps 
a s s o c i a t e d  w i t h  t h e s e  t h i n g s .  

T h i s  i s  p i c t u r e  No. 2, t h e  s to rm i n  t h e  Midwest, 
a s  mentioned ear l ie r ,  and  t h e  weather  map a s s o c i a t e d  w i t h  
i t .  We have superimposed on t h i s  map t h e  c loudy  areas, 
a n d  t h e  area a s s o c i a t i o n  i s  t h i s :  T h i s  c loud  h e r e  i s  t h i s  
r i g h t  h e r e ;  t h i s  c l e a r  area i s  t h i s  d a r k  area. We have a 
s o r t  o f  a n  o p t i c a l  image. Where it i s  d a r k ,  t h a t  i s  t h e  
ground.  T h i s  i s  t h e  r e v e r s e  on t h e  weather  map. 

Then t h e r e  i s  t h i s  band of c l o u d s  coming down t h e  
c o l d  f r o n t s ,  t h i s  e x t r e m e l y  b r i g h t  s e r i e s  h e r e ,  i n  which 
were imbedded some thunde r s to rms .  The New England s to rm i s  
shown h e r e ,  a g a i n  w i t h  i t s  c l o u d l e s s  c o n t i n e n t a l  a i r  coming 
i n  t o  t h e  s to rm shown by t h i s  area h e r e .  

On t h i s  n e x t  p l a c a r d  o v e r  h e r e  we have a s to rm 
o f f  west o f  I r e l a n d ,  a v e r y  large s to rm,  1500 miles  i n  
diameter, on two s u c c e s s i v e  days ,  A p r i l  2nd and  3 r d .  T h i s  
j u s t  shows p i c t u r e s  t h a t  you have s e e n  b e f o r e ,  t h e  d i f f e r e n c e  
i n  t h e  d e t a i l s  o f  t h e  v o r t e x  on t h e  first and  second day  and  
t h e  wea the r  maps t h a t  go a l o n g  w i t h  i t .  

On t h i s  n e x t  p l a c a r d  we have t h e  Gulf of  Alaska 
s to rm,  w i t h  a weather  map a s s o c i a t e d  w i t h  i t .  T h i s  weather 
map, of c o u r s e ,  shows a r a t h e r  great  amount o f  l i n e s ,  b u t  I 
s h o u l d  h a s t e n  t o  s a y  t h a t  t h e y  a re  based  upon p e r h a p s  a dozen 
o r  f i f t e e n  r e p o r t s  o v e r  t h i s  v a s t  area which i s  s e v e r a l  t i m e s  
t h e  area o f  t h e  Uni ted  S t a t e s .  A l o t  o f  t h i s  i s  based  upon 
i n t e r p r e t a t i o n  and  c o n t i n u i t y  c o n s i d e r a t i o n s ,  a n d  it i s  
n o t o r i o u s l y  well-known t h a t  when we t r y  t o  do t h i s  ove r  t h e  
o c e a n s  t o  t h e  west  of  u s  t h a t  t h e  o p p o r t u n i t y  f o r  e r r o r  i s  
q u i t e  large indeed  because  of  l a c k  o f  o b s e r v a t i o n s .  

C a l i f o r n i a ,  t h i s  area h e r e .  It i s  a r a t h e r  u n u s u a l  p l a c e  
f o r  a s torm,  where u s u a l l y  a n t i - c y c l o n e s  are found,  and t h e  
v e r y  compl i ca t ed  c loud  p i c t u r e  above which I mentioned 
e a r l i e r  . 

No. 6 shows a g a i n  t h i s  s t o r m  west of  S o u t h e r n  

Here we have t h e  t r o p i c a l  s to rm p i c k e d  up A p r i l  
1 0 t h  l o c a t e d  a t  t h e  time TIROS went by. 
add ,  t h i s  s t o r m  was well-known t o  t h e  peop le  i n  t h a t  area 
a b o u t  a week b e f o r e .  We had word f rom New Caledonia  t h e r e  
was a s t o r m  t h e r e .  We t h e r e u p o n  programmed t h e  s a t e l l i t e  
t o  o b s e r v e  it. As you know, we t r y  t o  conse rve  power by 

I s h o u l d  h a s t e n  t o  
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programming i t  t o  t a k e  p i c t u r e s  o n l y  of i n t e r e s t i n g  a reas  on  
t h e  d a y l i g h t  s i d e  o f  t h e  E a r t h .  Hav ing  word of t h i s , . t h e  
p rogram went  on  and  p i c t u r e s  wcro t a k e n  a t  t h i s  p o i n t  and  
c o n t i n u e d  f o r  s e v e r a 1 , m i n u t e s  u n t i l  t h e  s a t e l l i t e  got t o  t h i s  
p o i n t .  T h i s  is o n e b f  t h e  s e v e r a l  p i c t u r e s  takerl i n  t h a t  
area. 

The A u s t r a l i a  Meteorological S e r v i c e  s e n t  u s  a 
weather  map. I t  is i n t e r e s t i n g  t o  show t h a t  i n  t h a t  storm 
area t h e y  had o n l y  t h r e e  r e p o r t s ,  o n e  o n  t h e  n o r t h e r n  t i p  
of N e w  Z e a l a n d ,  one  t o  t h e  f a r  west,  o n e  of t h e  i s l a n d s ,  
a n d  a s h i p  n o t  fa r  f r o m  t h e  c e n t e r ,  a n d  o n  t h a t  t h e y  base 
t h e  who le  s t r u c t u r e ,  w h e r e a s  from t h i s  w e  c a n  see q u i t e  8 

l o t  of d e t a i l  t h a t  you would n o t  s u s p e c t  from t h e  s u r f a c e  
o b s e r v a t i o n s .  

So much for  t h e  v o r t i c e s  w h i c h  are t h e  most s t r i k i n g  
phenomena t h a t  w e  have  s e e n  so f a r ,  and we e x p e c t  t o  l e a r n  a 
l o t  a b o u t  t h e s e  t h i n g s  a n d  t h e  message t h e y  are t r y i n g  t o  
p o r t r a y  as  t i m e  goes o n ,  

Now I would  l i k e  t o  show a d i f f e r e n t  t y p e  of 
p i c t u r e ,  a mosaic on t h e  o n e  hand  a n d  a s c h e m a t i c  c l o u d  
p i c t u r e  on t h e  o ther ,  

T h i s  is a mosaic of some t h i r t y  p i c t u r e s  put: 
toge ther  on  o r b i t s  1 4  a n d  15 as  t h e  s a t e l l i t e  moved toward 
t h e  s o u t h e a s t  f r o m  t h i s  c o r n e r  t o  t h i s  c o r n e r .  The p i c t u r e s  
s t a r t  a t  t h a t  v o r t e x  o f f  t h e  I r i s h  coast t h a t  1: m e n t i o n e d  
e a r l i e r ,  400 m i l e s  w e s t  of I r e l a n d ,  a n d  t h e y  o v e r l a p .  T h i s  
o r b i t ,  number 14 ,  t o o k  t h e  p i c t u r e  o f  t h a t  vo r t ex ,  a n d  a 
h u n d r e d  m i n u t e s  l a te r  on  o r b i t  15 w e  took a p i c t u r e  Of t h e  
same s t o r m ,  You c a n  see d e t a i l s  were carr ied t h r o u g h  for  
t h e  h u n d r e d  m i n u t e s  a n d  p r o b a b l y  e v e n  l o n g e r .  So t h e y  o v e r -  
l a p  p a r t i a l l y .  T h i s  is a t r u e  g e o g r a p h i c a l  c o v e r a g e .  

A s  t h e  p i c t u r e s  were t a k e n  we p u t  t hese  toge ther  
i n  a m o s a i c  s h o w i n g  t h e  c l o u d  p a t t e r n  b e g i n n i n g  a t  t h e  
v o r t e x  west of I r e l a n d ,  showing t h e  e x t e n s i v e  c l o u d  area 
over  France  and Great B r i t a i n ,  over t h e  S w i s s  A l p s ,  over 
Turkey,  a n d  a clear area i n  t h e  Near East, I s rae l ,  E g y p t ,  
N o r t h  A f r i c a ,  a n d  so o n .  

F i n a l l y ,  o n  t h i s  l a s t ,  c h a r t ,  w e  have  t r i e d  t o  
show i n  a schcmatic manner  how t h e s e  t h i n g s  l o o k .  We have  a 
wcathcr r e p r c s e n t a t i o n  of a m  area now much f a r t h c r '  t o  t h e  
w c s t .  T h i s  is t h e  w e s t  coast of  t h e  U n i t e d  S t a t c s  g o i n g  a l l  
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the way across t h e  A t l a n t i c ,  Europe, t o  t h e  Near E a s t .  We 
p ick  u p  t h e  mosaic f r o m  t h e  p reced ing  placard on t h i s  area.  
T h i s  is t h e  v o r t e x  west of I r e l a n d ,  
and lows i n  rough f a s h i o n  of t h e  f r o n t s  and arrows showing 
t h e  stream l i n e s .  

These show t h e  h i g h s  

What we t r i e d  t o  do  h e r e  now is t o  p i e c e  t o g e t h e r  
t h o s e  c l o u d s .  T h i s  t i m e  w e  t r i e d  t o  r e p r e s e n t  them i n  t r u e  
w h i t e  a g a i n s t  t h e  dark  background, showing t h e  c l o u d s  as 
t h e y  look  i n  t h e s e  two o r b i t s ,  o r b i t  28 and o r b i t  32 of t h e  
c l o u d  r e p r e s e n t a t i o n ,  w i t h  t h e  se lec ted  p i c t u r e s  of c l o u d s  
o f  v a r i o u s  p o r t i o n s .  Here is t h e  la rge  v o r t e x  o v e r  I r e l a n d  
and here t h e  l a r g e  scattered c l o u d  masses mentioned e a r l i e r ,  

Gentlemen, t h i s  is a l l  I have t o  s a y  i n  regard t o  
t h e s e  f e w  examples t h a t  have accumulated i n  t he  three  weeks 
TIHOS has been i n  o p e r a t i o n .  

ME. SILVERSTEIN: We c a n  have q u e s t i o n s  now, 

CiUESTION: Dr. Wexler, a re  those c l o u d s  o v e r  
Turkey associated w i t h  t h e  storm off I r e l a n d ?  

MR, WEXLER: No, they are n o t .  The storm off 
I re '?and has  i ts  eastermost e x t e n s i o n  off t h e  B r i t i s h  I s l e s .  
The c l o u d s  over Turkey are a s s o c i a t e d  w i t h  no storm t h a t  I 
c a n  see here.  l h e y  are n o t  associated w i t h  any storm nor 
any  f r o n t .  And i t  a p p e a r s  t o  be a n  example o f  o r o g r a p h i c a l l y .  
induced  c l o u d s .  That  is a i r  b e i n g  f o r c e d  t o  send  t h e m  un 
i n  t h i s  area i n  Turkey and condens ing  i t ,  g i v i n g  c l o u c ~ s  m u c h  
t h e  way t h e y  do o v e r  mounta ins .  The c l o u d s  o v e r  t h e  A l p s  
are a n o t h e r  example of t h a t  t y p e .  

I >  

QUESTION: Was t h e r e  a n y t h i n g  abou t  t h i s  a p i r a l  
v o r t e x  sys t em t h a t  w a s  new t o  you? 

IiI11. 'I'XXLER: M e t e o r o l o g i s t s ,  of c o u r s e ,  have lriiown 
t h a t  s torms  ro ta te  i n  t h e  s e n s e  t h e y  do as I descr ibed e n i * l i c r .  
I n  t h e  case o f  h u r r i c a n e s ,  d u r i n g  t h e  w a r  when r a d a r  was 
f i r s t  used t o  obse rve  h u r r i c a n e s ,  t o  e v e r y o n e ' s  as tonishment  
i n s t e a d  of a s o l i d  c l o u d  mass r o t a t i n g  a round a center -  i t  
was found  t h a t  t h e  c l o u d  w a s  b roken  u p  i n t o  bands ,  c i r c u l a r  
bands,  s 2 i r a l i n g  i n  toward t h e  c e n t e r ,  bands pe rhaps  be inq  
twenty  Lo t h i r t y  mi les  wide w i t h  c lear  s p a c e s  of pe rhaps  t h e  
same dimens ions  between. But no one r e a l l y  s u s p e c t e d  t h a t  
o u t s i d e  01 t h e  Tronics these  storms would have such  s t r u c t u r e .  
Maybe some h a r d y  s o u l s  made a p r e d i c t i o n  or  surmised  it  b u t  

. , . . . .  
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nobody r e a l l y  showed a n y  d e f i n i t e  proof. I would s a y  t h i s  
is t h e  first d e f i n i t e  proof we have t h a t  a large pe rcen tage  
of such  storms as t rop ica l  storms do have s u c h  a banded 
s t r u c t u r e  We are c u r i o u s  t o  see how high  a pe rcen tage  
w i l l  f i n a l l y  emerge when we examine a l o t  more cases, and 
whether there  is a t r u e  d i f f e r e n c e ,  s a y ,  between storms of 
t h e  c o n t i n e n t a l  areas and storms o v e r  t h e  o c e a n s ,  whether 
there is more banded s t r u c t u r e  for o c e a n i c  storms t h a n  there 
is fo r  c o n t i n e n t a l  storms. 
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QUESTION: When you get t h i s  s a t e l l i t e  system working 

on a r e g u l a r  permanent b a s i s  where you c a l l  it something o t h e r  
t h a n  ar, exper iment  arid g e t ,  f o r  examplc,  d a i l y  photographs  t h a t  
you can depend on, how much w i l l  t h i s  i n c r e a s e  t h e  a c c u r a c y  and  
l o n g  r ange  of your f o r e c a s t ,  o r  do you e x p e c t  t h a t ?  If you 
d o n R t ,  what do you e x p e c t ?  

MR. WEXLER: That  i s  a v e r y  good q u e s t i o n ,  of  c o u r s s .  
A l l  I can say i n  r e p l y  t o  t h a t  i s  t h i s :  t h a t  m e t e o r o l o g i s t s  
a r e  a v e r y  a u d a c i o u s  breed .  Perhaps  f o o l i s h l y  a u d a c i o u s  i n  t h e  
sense  t h a t  t h e y  have been t r y i n g  t o  do t h e  i m p o s s i b l e .  They 
have been t r y i n g  t o  make d e t a i l s  o f  t h e  k i n d  t h a t  Doctor 
K e i c h e l d c r f e r  r e f e r r e d  t o  e a r l i e r  when t h e y  donvt have observa-  
t i o n s  t o  b e g i n  w i t h ,  o f  t h a t  d e t a i l i  P u b l i c  p r e s s u r e  on u s  
i s  s o  t remendous t h a t  we have done t h e  b e s t  we c m l d ,  and  p e r -  
haps  i n  some c a s e s  we have s t u c k  our  heads  o u t  i n  a n  endeavor  
t o  g i v e  good s e r v i c e .  Desp i t e  t h e  f a c t  ther;. h a s  been a 
g rea t  en largement  of ne tworks ,  h o r i z o n t a l l y ,  e s p e c i a l l y  a f t e r  
t h e  World War and  during I G Y ,  and  v e r t i c a l l y  a s  b a l l o o n s  go  
h i g h e r ,  t h e r e  s t i l l  a r?  enormous gaps.  

I made a s t a t e m e n t  a few weeks ago  t h a t  pe rhaps  
o n l y  one f i f t h  o f  t h e  a t m o s p h e r i c  mass i s  anywhere r e a s o n a b l y  
a d e q u a t e l y  observed  nowadays. If you a r e  making a p r e d i c t i o n  
f o r  Washington, D .  C . ,  it i s  all r i g h t  t o  have o b s e r v a t i o n s  
p e r h a p s  f o r  one o r  two thousand mi l e s  a round Washington, i f  
you a r e  i n t e r e s t e d  i n  t h e  n e x t  day o r  two. But i f  you a r e  
g o i n g  i n t o  p r e d i c t i o n s  f o r  Washington, D .  C . ,  beyond t h a t  t ime,  
you havc t o  know O b s e r v a t i o n s  f a r  o u t  i n  t h e  P a c i f i c ,  ave r  t h e  
A r c t i c ,  S i b 2 r i a 9  and  s o  o n e  And i f  you go beyond t h a t ,  if you 
a re  t r y i n g  t o  g e t  some i d e a  o f  what o u t l o o k s  might be t h i r t y  
d a y s  hence ,  one s h o u l d  have o b s e r v a t i o n s  f o r  even  a la rger  
a rea ,  p e r h a p s  t h e  whole e a r t h .  

There i s  no q u e s t i o n  i n  t h e  minds of m e t e o r o l o g i s t s  
t h a t  beg inn ing  s a t e l l i t e s  i n  meteoro logy  w i l l  f i l l  i n  a large 
number of b l ank  a reas ,  which w i l l  g i v e  u s  c loud  o b s e r v a t i o n s  
of t h i s  t y p e  which w i l l  e n a b l e  u s  t o  know what i s  g o i n g  on, s o  
t h a t  we can  improve and  e x t e n d  o u r  weather  maps on which our  
f o r e c a s t s  a r e  based .  S a t e l l i t e s  w i l l  do more t h a n  just t h a t .  
They w i l l ,  when proper l -y  equipped w i t h  i n f r a r e d  equipment and  
r a d a r s  a n d  t h i n g s  l i k e  t h i s ,  which w i l l  t a k e  y e a r s  t o  came 
i n ,  g i v e  u s  a b a s i c  u n d e r s t a n d i n g  of  t h e  ene rgy  i n p u t  and  o u t -  
p u t  of' t h e  a tmosphere complexo To e n a b l e  u s  t o  answer  t h e  
q u e s t i o n ,  n a t  j u s t  how does  t h e  atmosphere look,  bu t  why it 
looks t h 2  way it d o e s ,  w i l l  improve o u r  u n d e r s t a n d i n g  of  
t h e s e  t h i n g s ,  from which w i l l  come improved f o r e c a s t i n g  n o t  
o n l y  i n  t h e  s h o r t  r a n g e ,  b u t  i n  t h e  l o n g  r ange .  

. . . . . . .  
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I w o u l d n ' t  want  t o  l e a v e  t h e  i m p r e s s i o n  t h a t  t h e  
a v a i l a b i l i t y  of s a t e l l i t e s ,  e v e n  i n  t h e  f u l l - f l e d g e d  s y s t e m  
which may come i n  s e v e r a l  y e a r s  h e n c e ,  r e n d e r s  obsolete  a l l  
of our o t h e r  o b s e r v i n g  n e t w o r k s .  Even t h e  boldest  o p t i m i s t  
of t h e  s a t e l l i t e  m e t e o r o l o g i c a l  f r a t e r n i t y  w i l l  n o t  s a y  now, 
b a s e d  on  p r e s e n t  knowledge ,  t h a t  w e  can  g e t  t h e  same t h i n g  
from a s a t e l l i t e  t h a t  w e  c a n  g e t  from a r a d i o s o n d e  b a l l o o n  
which  is s e n t  up  a t  7 5  s t a t i o n s  s e v e r a l  times d a i l y  over 
t h e  U n i t e d  S t a t e s ,  a n d  sends b a c k  p r e s s u r e ,  t e m p e r a t u r e ,  
h u m i d i t y ,  a n d ,  b y  f o l l o w i n g  t h e  b a l l o o n  w e  o b t a i n  t h e  w i n d s .  
The s a t e l l i t e  w i l l  n o t  compete  w i t h  t h i s  for  many y e a r s .  
T h i s  a p p l i e s  t o  o the r  c a t e g o r i e s  o f  o b s e r v a t i o n s ,  S a t e l l i t e  
o b s e r v a t i o n s  a s  t h e y  a r e  coming i n  now w i l l  b e  s u p p l e m e n t a r y  
t o  e x i s t i n g  n e t w o r k s ,  a n d  w i l l  e n a b l e  u s  t o  g e t  g l o b a l  
c o v e r a g e  of t h e  t y p e  t h a t  w o u l d  be p r o h i b i t i v e l y  e x p e n s i v e  
t o  t r y  t o  do c o n v e n t i o n a l l y ,  

QUESTION: Dp,  Wexler, h a v e  t h e  r e su l t s  you h a v e  
r e c e i v e d  so  f a r  from t h e  e x p e r i m e n t a l  s a t e l l i t e  i n c r e a s e d  
your  h o p e s  f o r  e v e n t u a l  success of a s a t e l l i t e  s y s t e m  '? 

MR. WEXLER: Y e s ,  w i t h o u t  q u e s t i o n .  A s  
D r .  S i l v e r s t e i n  m e n t i o n e d  three weeks  a g o ,  w e  h a d n ' t  e x p e c t e d  
t o  ge t  s u c h  f i n e  p i c t u r e s .  To u s e  t w o  ends  of t h e  s p e c t r u m ,  
t h e  Vanguard S a t e l l i t e  r e l e a s e d  i n  F e b r u a r y  of l a s t  y e a r ,  
a n d  t h e  A t l a s  r o c k e t  s h o t s  o f  l a s t  A u g u s t ,  t h e  best o p i n i o n  
w o u l d  be t h a t  t h e  p i c t u r e s  t h a t  would come f rom TIROS w o u l d  
h a v e  been closer t o  t h e  Vanguard t y p e  of p h o t o c e l l ,  a r o u g h  
so r t  of b r i g h t n e s s  p i c t u r e ,  t h a n  t h e y  would be t o  t h e  f i n e  
d e t a i l  of A t l a s .  The o p i n i o n  now is  t h a t  t h e y  a r e  closer 
t o  t h e  A t l a s  t y p e  t h a n  Vanguard .  So % h i s  h a s  been  a v e r y  
u n e x p e c t e d  happy  s u r p r i s e  t o  a 1 1  of us. It  makes u s  much 
more c o n f i d e n t  t h a t  t h e  s y s t e m  t o  be d e v e l o p e d  i n  t h e  f u t u r e  
w i l l  y i e l d  e v e n  bigger  r e t u r n s ,  p e r h a p s  q u i c k e r  t h a n  w e  
t h o u g h t  p o s s i b l e  before A p r i l  P o  

MR. ROSEN: T h a t  is Vanguard XI t h a t  he is 
r e f e r r i n g  t o .  

QUESTION: On t h e  b a s i s  of what  you a r e  g e t t i n g  o u t  
o f  t h i s  s a t e l l i t e  now, are you going t o  be a b l e  t o  make 
improved  f o r e c a s t s  w i t h o u t  w a i t i n g  f o r  t h e  f i n a l  o p e r a t i o n a l  
s y s t e m ?  

MR. WEXLER: T h i s  is r a t h e r  d i f f i c u l t  t o  a n s w e r .  
I t  is v e r y  d i f f i c u l t  i n  the f o r e c a s t s  w e  make for  t h e  c o n t i -  
n e n t a l  U n i t e d  S t a t e s  t o  g i v e  credit t o  a n y  new d e t a i l  o r  
i t e m  t h a t  g o e s  i n t o  t h e  p r e p a r a t i o n  of t h e  f o r e c a s t .  T h e r e  
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a r e  so many i n g r e d i e n t s  t h a t  enter i n t o  i t  t h a t  i t  is v e r y  
d i f f i c u l t  t o  s i n g l e  o u t  o n e  a n d  s a y  t h a t  t h i s  c a u s e s  t h i s ,  
a n d  t h i s  c a u s e s  a poor  f o r e c a s t .  

I n  a r e a s  where  we d o n ' t  h a v e  v e r y  many o b s e r v a -  
t i o n s ,  a n  o b s e r v a t i o n  of a storm is a l m o s t  e q u a l  t o  t h a t  of 
a f o r e c a s t .  Tha t  i s ,  you may n o t  h a v e  t h e  d e t a i l s  o f  a 
storm, a n d  you h a v e  a s h i p  r epor t  here or there ,  a n d  you know 
t h e r e  is s o m e t h i n g  out t h e r e ,  b u t  you a r e  not too sure what  i t  
i s  out  there.  Having  s u c h  o b s e r v a t i o n s  a v a i l a b l e  w i l l  
s t r e n g t h e n  t h e  a n a l y s e s  i n  these remote a r e a s  a n d  t h u s  should 
r e n d e r  o n  a s p o r a d i c  b a s i s  a better d e s c r i p t i o n  of what  is 
g o i n g  o n ,  wh ich  means a u t o m a t i c a l l y  a better p r e d i c t i o n  i n  
t h e s e  remote a r e a s .  

B u t  w e  w i l l  c o n s i d e r  s u c h  r e t u r n s  t o  be s t i l l  of 
a v e r y  e x p e r i m e n t a l  n a t u r e  a n d  w e  i n t e n d  t o  k e e p  t h i s  whole 
o p e r a t i o n  o n  a r e s e a r c h  l e v e l  u n t i l  s u c h  t i m e  a s  t h e  s y s t e m  
is i n  f u l l  o p e r a t i o n .  

QUESTION: Doctor, c a n  you t e l l  u s  p r e t t y  much 
f a i r l y  close what  p e r c e n t a g e  o f  a c c u r a c y  you h a v e  i n  
w e a t h e r  f o r e c a s t i n g  now, a n d  what  improvement  you e x p e c t  i n  
t h a t  p e r c e n t a g e ?  

MR. ROSEN: Is t h i s  improvement  from a s a t e l l i t e ?  

QUESTION: Any improvement  a t  a l l .  

MR. REICHELDERFER: One of t h e  v a l u e s  of my p o s i -  
t i o n  is  t h a t  I c a n  be t h e  g o a t  f o r  a q u e s t i o n  of t h a t  k i n d .  

We a r e  a s k e d  t h i s  q u e s t i o n  q u i t e  f r e q u e n t l y  a n d  
q u i t e  r e a s o n a b l y .  I t  so h a p p e n s  t h a t  w e  a r e  c o n s u l t i n g  
t o d a y  w i t h  a team of c o n s u l t a n t s  t h a t  h a v e  b e e n  g o i n g  i n t o  
t h e  q u e s t i o n  of f o r e c a s t  v e r i f i c a t i o n  a n d  f o r e c a s t  a c c u r a c y  
fo r  a v i a t i o n  p u r p o s e s .  It  is a l m o s t  i m p o s s i b l e  t o  g i v e  you 
a n  i n t e l l i g e n t  s i n g l e  f i g u r e .  L e t  m e  g i v e  you some d e f i n i t e  
f i g u r e s .  

F o r  e x a m p l e ,  f o r  L o s  A n g e l e s  t h e  f i g u r e s ,  a s  I 
r e c a l l ,  fo r  f o r e c a s t i n g  v i s i b i l i t y  t w o  h o u r s  a h e a d  of time 
were of t h e  order o f  80 or 90 p e r c e n t ;  s i x  h o u r s  a h e a d  of 
t i m e ,  70 or 80 p e r c e n t ;  a n d  t e n  or t w e l v e  h o u r s  a h e a d  of 
t i m e ,  i t  f e l l  o f f  t o  p e r h a p s  60 or  70 p e r c e n t .  The v e r i f i -  
c a t i o n  f o r  t h e  f o r e c a s t  a n d  v i s i b i l i t y  i n  some o the r  p a r t  
of t h e  c o u n t r y ,  where  t h e r e  a r e  r a p i d  c h a n g e s ,  P o r t l a n d ,  
Ma ine ,  fo r  e x a m p l e ,  w o u l d  be q u i t e  d i f f e r e n t .  The o v e r a l l  
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answer t h a t  w e  g i v e  t o  a q u e s t i o n  about  accu racy  is  t h a t  for  
most p r a c t i c a l  purposes,  for  most p u b l i c  u s e s ,  t h e  f o r e c a s t  
e l emen t s  a r e  a c c u r a t e  i n  80 'or 85 p e r c e n t  of t h e  time on a 
whole,  month i n ,  month o u t ,  and yea r  i n ,  yea r  o u t .  

You asked  t h e  f u r t h e r  q u e s t i o n  a s  t o  whether  t h e r e  
was much improvement. There is v a s t  improvement i n  fore- 
c a s t i n g  some t h i n g s .  O u r  a b i l i t y  t o  f o r e c a s t  t o r n a d o e s ,  w h i l e  
f a r  from p e r f e c t ,  is v e r y  much b e t t e r  t h a n  it  was f i v e  or s i x  
y e a r s  ago .  So i n  some sectors ,  some e lemen t s ,  t h e r e  h a s  been 
g r e a t  improvement. I n  o t h e r s  there h a s n ' t  been a s  much 
improvement. 

May I a d d ,  w h i l e  I am a t  t h e  microphone, t h a t  
w i t h  r e f e r e n c e  t o  a p r e v i o u s  q u e s t i o n  i t  is  obv ious ,  i f  you 
l o o k  a t  one o f  t h e s e  photographs  and  see a l l  of t h e  d e t a i l s  
o f  i n d i v i d u a l  cloud masses ,  t h a t  there is a n  i n f i n i t e  amount 
o f  s t u d y  i n  t r y i n g  t o  see what successive photographs may 
mean w i t h  r e f e r e n c e  t o  t h e  development,  t h e  d i s s i p a t i o n  or 
t h e  movement of i n d i v i d u a l  cloud masses .  I suppose w e  could 
t u r n  a houndred thousand people  t o  s t u d y i n g  t h e  d e t a i l s  o f  
these s e v e r a l  hundred p i c t u r e s  w e  r e c e i v e d  so f a r ,  a s  t o  
what t h e y  might mean, and s t i l l  n o t  e x t r a c t  a l l  of t h e  i n f o r -  
mat ion  from them. There is a much f u r t h e r  s t u d y  t o  come. 
I t  is imposs ib l e  for  u s  t o  s a y  a t  t h e  p r e s e n t  s t a t e  j u s t  how 
f a r  these s t u d i e s  w i l l  c a r r y  u s  i n  t h e  s t u d y  of t h e  atmosphere,  
and t h e r e f o r e  how a c c u r a t e l y  w e  can p r e d i c t  coming wea the r .  

QUESTION: I g a t h e r e d  from your answer,  Dr. Wexler, 
t o  t h e  p r e v i o u s  q u e s t i o n  and s e v e r a l  o t h e r  q u e s t i o n s ,  t h a t  
you b e l i e v e  t h a t  fo r  t h e  n e x t  f i v e  y e a r s  weather  s a t e l l i t e s  
s imply  w i l l  confirm i n f o r m a t i o n  t h a t  w e  a l r e a d y  have from 
other  sources.  Is t h a t  what you were t r y i n g  t o  s a y ,  s t r i p p e d  
down? 

MR, WEXLER: I d o n ' t  know how you a r r i v e d  a t  t h a t  
from t h e  remarks  I made. I t h i n k  I t r i e d  t o  i l l u s t r a t e  
e a r l i e r  t h a t  w e  had no  i d e a ,  fo r  example,  t h a t  there was t h i s  
banded s t ruc tu re  of t h e s e  storms out  i n  t h e  T r o p i c s .  T h i s  is 
something new t h a t  h a s  come i n  a s  a resu l t  of t h e  s a t e l l i t e s .  
Just what t h i s  means i n  t h e  a c t u a l  p r e d i c t i o n  of t h e  move- 
ment of such storms, i n t e r p r e t a t i o n  i n  terms of wind and  wea- 
t h e r ,  and t h e  d i s s i p a t i o n  of storms, w e  d o n ' t  know. Sure,we 
know storms r o t a t e d  i n  a c i r c u l a r  manner, b u t  t h e  f a c t  t h a t  
w e  have s u c h  i n d i c a t o r s  of motion a s  t h e  banded cloud mass 
i s  something r a t h e r  new. 

As f a r  a s  other a s p e c t s  o f  conformat ion ,  I empha- 
s ize  t h e  g l o b a l  a s p e c t  of s a t e l l i t e  c a p a b i l i t y .  There is no 
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o t h e r  method I know o f ,  except  b y  t h e  s h e e r  e x p e n s i v e  p u t t i n g  
down of s t a t i o n s  o n  l a n d  a n d  s e a ,  of knowing what  t h e  w e a t h e r  
over t h e  world l o o k s  l i k e  a t  a n y  g i v e n  t i m e  o t h e r  t h a n  by 
s a t e l l i t e s .  
t h a t  w e  ge t  
r a d i o s o n d e s  
a s  shown by 
a r e a  s where 
w i t h o u t  (3ii11.' 

What L mean b y  t h a t  is  n o t  i n  t h e  f i n e  d e t a i l  
o v e r  t h e  Uni ted  S t a t a s  w h e r e  w e  s e n t  75 or 80 
up s e v e r a l  times a d a y ,  b u t  j u s t  i n  b r o a d  o u t l i n e  
c l o u d s .  T h a t  w o u l d  fill  up these enormous b l a n k  
storms c a n  reside undetec ted  f o r  a week or so 
knowing a b o u t  them. 

QUESTION: Is t h e  s a t e l l i t e  w o r k i n g  s a t i s f a c t o r i l y ,  
;)r h a 6  a n y  of i t  b r o k e n  d o w n ,  a n d  i f  s o ,  w h e n ?  

MR. SILVERSTEIN: M r .  S t roud?  

MR. STROUD: The o p e r a t i o n  of t h e  s a t e l l i t e  h a s  
?.tot c h a n g e d  s i n c e  t h e  l a s t  time w e  r e p o r t e d  on i t s  o p e r a t i o n  
t o  t h e  group t h a t  was here. After t h e  22nd o r b i t  t h e  n a r ~ o w  
a n g l e  camera remote p i c t u r e - t a k i n g  c a p a b i l i t y  was  d e s t r o y e d  
j..or one r e a s o n  o r  a n o t h e r .  We do n o t  know why. We s t i l l  
h a v e  t r o u b l e s  w i t h  t h e  h o r i z o n t a l  s c a n n e r  which was i n t e n d e d  
t o  i n d i c a t e  t h e  a t t i t u d e  of t h e  s a t e l l i t e .  N e i t h e r  of these 
1:; c a t a s t r o p h i c  i n  a n y  s e n s e ,  a n d  I t h i n k  t h e  d a t a  w e  h a v e  
here i l l u s t r a t e s  t h a t  d e s p i t e  a f ew p r o b l e m s  which  w e  i n t e n d  
ti: c o r r e c t ,  w e  a r e  s t i l l  g e t t i n g  good d a t a .  

QUESTION: If a s a t e l l i t e  s y s t e m ,  a s  e n v i s i o n e d  
1)y Dr. Wcxler a n d  o t h e r s ,  cos t s  "x" d o l l a r s ,  how much more 
J.; i l l  i t  cost  t o  p r o d u c e  t h e  same resu l t s  w i t h  s u r f a c e  i n s t a l -  
l R t ions'? 

MR. ROSEN: I t h i n k  t h e  q u e s t i o n  is t r y i n g  t o  
compare  t h e  cos t  of de tec t  of a s u r f a c e  s y s t e m  a g a i n s t  t h e  
stitell i t e  s y s t e m .  

MH. HEICHELDERFER: T h i s  q u e s t i o n ,  of course, h a s  
occurred t o  p e o p l e .  I d o n ' t  know of a n y  e s t i m a t e  t h a t  i s  
of s n y  v a l u e  a t  a l l .  We do know t h a t  f o r  a v e r y  P e w  s t a t i o n e d  
vessels i n  t h e  A t l a n t i c ,  f o r  e x a m p l e ,  t h e  cost  r u n s  u p ,  t o  
t h e  U n i t e d  S t a t e s  a l o n e ,  of t h e  order  of 25 t o  50 m i l l i o n  
d o l l a r s  a y e a r ,  So t h a t  t h e  q u e s t i o n  is d i f f i c u l t  b e c a u s e ,  
a s  D r .  Wexler p o i n t e d  o u t ,  t h e  s a t e l l i t e  is n o t  a s u b s t i t u t e  
f o r  some o ther  s u r f a c e  o b s e r v a t i o n s ;  f o r  example ,  i n  h u r r i -  
c a n e  r e c o n n a i s s a n c e  a i r c r a f t .  If w e  were t o  do t h e  whole 
.jab by a i r c r a f t  a s  we t h o u g h t  . a t  o n e  t i m e  w e  m i g h t  h a v e  t o  
d o ,  i t  would t a k e  a l o t  of a i r p l a n e s  t o  c o v e r  t h e  whole 
c l x p  m e  of o c e a n s .  

. . .  . , .  . -  



wb6 18 

E v e n t u a l l y ,  i f  t h e  s a t e l l i t e  c a n  p o i n t  o u t  where  t h e  
storms a r e ,  t h e n  r e l a t i v e l y  f e w  a i r c r a f t  c a n  c o v e r  i t ,  g o i n g  
o u t  and  s e e i n g  what  i t  is  made o f .  I t h i n k  i t  i s  s a f e  t o  s a y  
i f  you t r y  t o  do t h e  whole job b y  means o t h e r  t h a n  s a t e l l i t e s ,  
t h e  cost w o u l d  be g r e a t e r .  

MR, ROSEN: T h e r e  i s  a l s o  t h e  f a c t  t h a t  you c a n ' t  
l o o k  down. 

MR, REICHELDERFER: T h i s  i s  t rue .  You c a n ' t  g e t  t h e  
same p i c t u r e  

QUESTION: Can you t e l l  u s  what  t h e  a n g u l a r  d e v i a -  
t i o n  of t h e  s p i n  a x i s  of t h e  s a t e l l i t e  is now, compared w i t h  
t h e  p l a n e  of t h e  o r b i t ?  I u n d e r s t a n d  i t  g r a d u a l l y  loses s i g h t  
of t h e  E a r t h  a n d  t h e n  p i c k s  i t  up a g a i n .  

MR, STROUD: T h i s  is a tough o n e  f o r  o n e  r e a s o n :  a n d  
t h a t  is  t h a t  there is a v e r y  l o w  p r e c e s s i o n  r a t e  i n  t h e  
s a t e l l i t e .  T h i s  means t h a t  t h e  s p i n  a x i s  is n o t  s t a y i n g  
f i x e d  i n  s p a c e  a s  w e  h a d  i n t e n d e d  i t .  T h i s  is  of no  conse -  
q u e n c e ,  a g a i n ,  a s  you c a n  see from t h e  d a t a ,  e x c e p t  t h a t  w e  
do n o t  y e t  know t h i s  r a t e .  I t  is s o m e t h i n g  g r e a t e r  t h a n  one 
a n d  a h a l f  h o u r s ,  a n d  i t  may be a s  much a s  s e v e r a l  d a y s .  
T h i s  is  t h e  p r e c e s s i o n  r a t e ,  t h e  r a t e  a t  w h i c h  t h e  s p i n  a x i s  
is w o b b l i n g .  U n t i l  w e  know i t  w e  c a n n o t  p r e d i c t  a t  a n y  one 
moment what  t h e  o r i e n t a t i o n  of t h e  s p i n  a x i s  is .  The photo-  
g r a m e t r i c  p r o c e s s  is l o o k i n g  a t  t h e  p i c t u r e s  a n d , k n o w i n g  t h e  
l a n d m a r k s ,  w i l l  p e rmi t  u s  t o  g e t  a n  a c c u r a t e  d e t e r m i n a t i o n  
in time. It w i l l  t a k e  some weeks  of a n a l y s i s  t o  do t h s s .  

QUESTION: k u n d e r s t o o d  t h a t  i n  a b o u t  a mon th ,  f o r  
e x a m p l e ,  t h e  s p i n  a x i s  of t h e  s a t e l l i t e  w o u l d  be r o u g h l y  
90 degrees t o  t h e  p l a n e  of t h e  o r b i t ,  so  t h a t  i t  w o u l d  see 
more of t h e  h o r i z o n  a n d  more r a r e l y  would  i t  look down a n d  
g e t  a f u l l  s h o t  of t h e  E a r t h .  

MR, STROUD; IC t h i n k  you a r e  r e f e r r i n g  t o  t h e  f a c t  
t h a t  a f t e r  s e v e r a l  m o n t h s ,  of t h e  order of three m o n t h s ,  t h a t  
t h i s  would p r o b a b l y  occur ,  a n d  w e  w i l l  n o t  be a b l e  t o  t a k e  
p i c t u r e s  of t h e  E a r t h .  We w i l l  n o t  be l o o k i n g  a t  t h e  E a r t h .  

MR, ROSEN: T h i s  means  t h a t  t h e  whole s a t e l l i t e  1s 
t w i s t e d  a r o u n d  so t h a t  t h e  camera is  n e v e r  i n  v i ew o f  the  
E a r t h .  

QUESTION: None of t h i s  h a s  t a k e n  p l a c e ?  

MR, STROUD: No. 
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wb7 QUESTION: What s t e p s  have you t a k e n  t o  make t h e s e  
photographs  a v a i l a b l e  t o  meteorologists of o ther  n a t i o n s ?  

MR. SILVERSTEIN: Thus f a r  t h e  photographs a r e  
b e i n g  brought  t o g e t h e r  f o r  a n a l y s i s  a t  our Weather Bureau 
s t a t i o n s  i n  t h i s  c o u n t r y .  The expe r imen ta l  r e su l t s  w i l l  be 
s t u d i e d ,  and an  a t t e m p t  made t o  f i n d  out t h e  meaning of them, 
and  a t  some l a t e r  d a t e  w e  w i l l  r e l e a s e  them t o  world weather  
s t a t i o n s .  

Thus f a r  n o t h i n g  h a s  been done.  

QUESTION: Why have you n o t  s e n t  them o u t  t o  
o the r  n a t i o n s ?  

MR, SILVERSTEIN; Thus f a r  w e  have been i n  t h e  pro- 
cess of a c t u a l l y  b r i n g i n g  these t o g e t h e r  and c o o r d i n a t i n g  
them,  c o l l a t i n g  them, p u t t i n g  them i n t o  s h a p e .  We have 
r e a l l y  n o t h i n g  y e t  t o  send  o u t  i n  a c o o r d i n a t e d  f a s h i o n .  

I t  is raw d a t a .  

QUESTION: The p o i n t  I am t r y i n g  t o  g e t  a t ,  
Dr. S i l v e r s t e i n ,  w o u l d  i t  n o t  h e l p  you t remendous ly  i n  t h e  
a n a l y s i s  of these p i c t u r e s  i f  you could send  them, s a y ,  t o  
A u s t r a l i a  so t h e y  c o u l d ,  i n  t u r n ,  c o r r e l a t e  them w i t h  t h e i r  
own weather  map? Why do you t a k e  o n  t h e  whole burden your- 
se l f?  

MR, SILVERSTEIN: T h i s  may v e r y  w e l l  be t r u e  i n  
time. W e  a r e  g e t t i n g  a l o t  of p i c t u r e s  h e r e .  We have a l o t  
of  p i c t u r e s  i n  a sho r t  time. We have a s t a f f  t h a t  is p u t t i n g  
these t o g e t h e r .  We c a n ' t  have some of these p i c t u r e s  f l o a t -  
i n g  around one p l a c e  and some o t h e r .  For example,  i n  t r y i n g  
t o  pu t  t o g e t h e r  t h e  mosa ics  w e  need t o  have t h e  d a t a  a v a i l -  
a b l e  t o  t h e  e x p e r i m e n t e r s .  W e  look upon t h i s  t h i n g  a s  an  
expe r imen t ,  no t  a s  an o b s e r v a t i o n a l  system a s  y e t .  You 
c a n ' t  t a k e  t h e  d a t a  and strew i t  around a l l  ove r  t h e  world and 
e x p e c t  t o  do a n  a n a l y s i s  of i t .  L a t e r  on  p e r h a p s ,  a s  w e  g e t  
t h e  order i n t o  t h e  m a t e r i a l ,  w e  can t a k e  t h i s  p o i n t  of view.  

MR. ROSEN: I t h i n k  I can  a l s o  a d d :  people  even i n  
A u s t r a l i a  keep  r e c o r d s  of i t ,  o f  t h e i r  w e a t h e r ,  and t h e y  
can a lways  check back i f  t h e y  want t o  check t h e  r e s e a r c h  
phenomena. 

QUESTION: Dp. Wexler,  why c a n ' t  you keep one  set  
of t h e  p r i n t s  and d i s t r i b u t e  d u p l i c a t e  sets of t h e  p r i n t s  and 
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l e t  these p e o p l e  make t h e i r  own a n a l y s i s  w h i l e  your  p e o p l e  
are w o r k i n g  unhampered w i t h  t h e  o r i g i n a l  set o f  p r i n t s ?  

MR. WEXLER: T h i s  is J u s t  what  ISr, S i l v e r s t e i n  
s a i d .  T h e r e  is no p o i n t  i n  s e n d i n g  o u t  a mass  of p i c t u r e s  
u n t i l  you know where  you a r e  g e o g r a p h i c a l l y ,  a n d  t h e  o r i e n -  
t a t i o n  of t h e  camera a x i s ,  a n d  h a v e  a n  i d e a  of t h e  geographa -  
c a l  c o o r d i n a t e s ,  As s o o n  a s  t h e  p i c t u r e s  h a v e  b e e n  p u t  t o  - 
g e t h e r  a n d  c a l i b r a t e d ,  so to s p e a k ,  t h e y  w i l l  be d i s t r i b u t e d .  
I w i l l  s a y t  s p e a k i n g  for  t h e  m e t e o r o l o g i c a l  p r o f e s s i o n  o f  
t h i s  c o u n t r y ,  t h a t  w e  w i l l  need  p l e n t y  of h e l p  i n  e x p l o i t i n g  
t h i s  m a t e r i a l .  H would hope  t h a t  w e  migh t  h a v e  t h e  v e r y  
e x p e r t  a s s i s t a n c e  of s u r  c o l l e a g u e s  i n  o ther  c o u n t r i e s .  

MR, SILVERSTEIN: If a n y  of you h a v e  d o n e  e x p e r i -  
m e n t a l  work ,  you know t h a t  when you g e t  r aw d a t a  i t  t a k e s  
a c e r t a i n  p e r i o d  of t i m e  t o  o r g a n i z e  t h i s  d a t a .  We h a v e  
n o t  p r o c e s s e d  i t .  T h i s  is raw e x p e r i m e n t a l  d a t a .  

QUESTION: What a b o u t  t h e  q u a l i t y  of f i l m s ?  
Is i t  g e t t i n g  b e t t e r  or  r e m a i n i n g  t h e  same? 

MR, STROUD: We f e e l  t h e r e  h a s  b e e n  improvement  
a s  w e  h a v e  l e a r n e d  how to h a n d l e  t h e  i n f o r m a t i o n  a n d  t h e  
f i l m s  t h e m s e l v e s .  1 t h i n k  t h a t  t h e  l a t e r  o r b i t s  a r e  v e r y  
good 0 

QUESTION: How a b o u t  t h e  Hawai i an  s t a t i o n s ?  

MR, RBSEN: What a b o u t  t h e  Hawai ian  s t a t i o n s ?  

MR. S'lROUD: T h i s  is e x c e l l e n t ,  o€ e q u a l  q u a l i t y .  

QUESTION: mere was some t a l k  a b s u t  t u r n i n g  t h e  
s a t e l l i t e  t o  t a k e  a p i c t u r e  of t h e  Moon. Have you d o n e  t h a t  
y e t ?  

MR. ROSEN: T h e r e  was some t a l k  -- I d o n ' t  know 
where  i t  o r i g i n a t e d  -- of t e l l i n g  t h e  s a t e l l i t e  t o  t a k e  
p i c t u r e s  of t h e  Moon, 

MR, S'FROUD: We h a v e  t r i e d .  The o n e  set o f  d a t a  
t a k e n  a t  Monmouth, where w e  had  t h e  best o p p o r t u n i t y  -- you 
remember i t  was J u s t  a n  o p p o r t u n i t y ,  a c h a n c e ,  a s  w e  g o  by  -- 
t h e  p i c t u r e s  were v e r y  n o i s y .  The Moon i tself  is o n l y  two 
t e l e v i s i o n  l i n e s  wide when v i e w e d ,  a n d  f i n d i n g  among t h e  
n o i s e  s p o t s  t h e  l i t t l e  s p o t  t h a t  migh t  h a v e  been  t h e  Moon 
h a s  n o t  b e e n  success fu l ,  
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MR. ROSEN: It is t r y i n g  t o  compare t a k i n g  p i c t u r e s  
a t  400 miles and 250,000 miles. 

QUESTION: Have you found i t  n e c e s s a r y  t o  s p i n  u p  
t h e  r e v o l u t i o n s  of t h e  s a t e l l i t e ?  

MR. STROUD: No. The d e c a y ,  or t h e  s lowing  down 
of t h e  s p i n ,  h a s  been so s m a l l  t h a t  w e  have n o t  y e t  a t t empted  
t o  f i r e  t h e  l i t t l e  rockets .  

MR. ROSEN: Gentlemen, i t  looks l i k e  t h e  d i s s e r t a -  
t i o n s  and s t a t e m e n t s  have answered a l l  of your  q u e s t i o n s  
even  before t h e y  were framed.  

Thank you v e r y  much fo r  your a t t e n t i o n .  

(Whereupon, a t  3:50 p.m., t h e  Press Conference 
was concluded.  ) 
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PIONEER V UNDERGOES "REPAIRS" 

A space Instrumentat ion expert this week made " a n a l y t i c a l  

repairs" on Pioneer V from 5.5 m i l l i o n  miles away without leav- 

i n g  h i s  Los Angeles labora tory .  

Trouble cropped up e a r l y  this week i n  Pioneer VIS "tele- 

btt" u n i t  which c o l l e c t s  information from experiment sensors  

before  It is t r ansmi t t ed  t o  Earth. 

Values coming from the te leb l t  channel which handles  

battery vol tage  l e v e l s ,  battery temperature readings  and s o l a r -  

c e l l  paddle temperatures  were obviously wrong. For  ins tance ,  

the probe would send a b a t t e r y  vol tage  level which was too  low 

t o  opera te  the t r a n s m i t t e r  and y e t  the t r a n s m i t t e r  w a s  opera t -  

i n g  a 

Robert Go t t f r i ed ,  of Space Technology Laborator ies ,  Inc , ,  

which assembled the Pioneer V payload, went t o  work on the 

problem. He was ins t rumenta l  i n  the design of  the "telebit" 

uni t .  After exhaust ive a n a l y s i s ,  he t r a c e d  t h e  trouble t o  a 

faulty diode -- a semi-conductor of e l e c t r i c i t y  no bigger than  

the head of a Pin ,  
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Using an STL spare  " te lebi t" ,  Got t f r ied  worked aut a. new 

t r a n s l a t i o n  code f o r  the channel tak ing  the bad diode I n t o  ac- 

count. 

malfunctioning component and i n t e r p r e t  va lues  which j i b e d  wi th  

ear l ier  Pioneer V readings.  

I n  a sense,  he was able to fill i n  blanks caused by the  

The makeup of " te lebi t"  emphasizes t he  complexity Qf Gott- 

f r i e d ' s  task. The highly minia tur ized  10-pound u n i t  conta ins  

some 450 t r a n s i s t o r s ,  1,500 diodes,  1,600 r e s i s t o r s ,  1,000 

c a p c i t o r s  and several thousand soldered connections.  

I n  a telegram t o  STL, NASA Administrator T. Kei th  Glennan 

extended "hearty congra tu la t ions  t o  the  long-armed r e p a i r  man 

who reached 5.5 m i l l i o n  miles i n t o  space t o  c lear  a t roub le  

that threa tened  the co' t i nu ing  performance o f  Pioneer V." 

Meanwhile, the  94.8-pound probe i n  a Sun o r b i t  between E a r t h  

and Venus cont inues t o  r e t u r n  good q u a l i t y  data from nea r ly  Six 

mil l ion  m i l e s  away from Earth.  A t  eight minutes past midnight, 

Monday morning, Apri l  25, EST, the probe w i l l  pass t h e  six-million 

m i l e  mark. 

Pioneer V payload condi t ions  remain s a t i s f a c t o r y .  Paddle 

temperatures are running about 50 degrees F w h i l e  battery t e m -  

peratures are about 100 degrees F. 

m a l i t y  of  the data being received by the 250-foot t r ack ing  

d i s h  a t  Manchester, England, i s  good but a t  the 60-foot dish in 

South Point,  H a w a i i ,  the s igna l  q u a l i t y  i s  poor. Tha t ' s  because 

the H a w a i i  s t a t i o n  is near ing  i t s  recept ion  l i m i t  on the probels  

5-wat t t r a n s m i t t e r  . c 

. . .  
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I n  the next few weeks, a command w i l l  be sen t  the probe i n  

an e f f o r t  t o  turn on its 150-watt t r ansmi t t e r .  Depending on 

component lifetime, this 150-watt u n i t  should permit contact  

w i t h  the probe out  t o  more than 50 m i l l i o n  miles. 

END 

1 .  . .  
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NEGOTIATIONS ON SATURN SECOND STAGE BEGIN 

The National Aeronautics and Space Administration announced 

today i t  w i l l  begin negot ia t ions  immediately w i t h  Douglas A i r -  

c r a f t  Corp, on i t s  proposal t o  b u i l d  the second stage - designated 

S-4 - of the i n i t i a l  three-s tage Saturn launch vehicle.  

Estimated cos t  of development and production of nine second 

stages, including two spares, will be more than $65 mil l ion.  

Powering the Saturn second stage w i l l  be a c l u s t e r  of fou r  

Centaur-class engines developing a t o t a l  of about 80,000 pounds 

thrus t .  These w i l l  be supplied under separa te  cont rac t  by ?.he h a t t  

and Whitney Division of United Ai rc ra f t  Corp, The t h i r d  s tage  

will be a modified Centaur stage driven by two of the same type 

engines which burn l i q u i d  oxygen and l i q u i d  hydrogen. 

Mounted on the eight-engine Saturn first stage producing 

1.5 mil l ion  pounds of t h r u s t ,  t h i s  three-stage combination w i l l  

be able t o  boost a 25,000-pound payload i n t o  an Earth o r b i t  o r  

send a12,OOO-pound instrumented spacecraf t  around the moon. 

Douglas proposes t o  bu i ld  the Saturn second stage at  its 

Santa Monica, Calif., d iv is ion ,  barge i t  t o  E t e s t  Site nem’ 
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Sacramento f o r  s ta t ic  tes t  f i r i n g ,  and then ship i t  E a s t  through 

the Panama Canal, The f irst  of  the S-4 stages would be freighted 

by barge t o  NASA's Marshall Space F l igh t  Center a t  Huntsvi l le ,  

A l a . ,  f o r  checkout and mating w i t h  the  eight-engine f irst  stage, 

which i s  being constructed a t  the Marshall Center, Both stages 

would then be shipped by water t o  Cape Canaveral, Fla ,  Later 

S-4 stages w i l l  be shipped d i r e c t  t o  Canaveral. 

Shipment by water is d i c t a t e d  by the s i z e  of the stages, 

The second stage w i l l  s tand 50 feet  high and measure 18 fee t  i n  

diameter, which rules out  r a i l  or t ruck  t r anspor t .  

Eleven companies submitted proposals  f o r  the  second stage. 

Representatives of 35 companies attended the i n i t i a l  b idde r s  

conference a t  the Marshall Center i n  January. 

- END - 
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LUNAR IMPACT PAYLOAD AWARD 

Aeronutronic Division of Ford Motor Company today was 

selected by the National Aeronautics and Space Administration 

for negotiation leading to construction of a 300-pound instrumented 

package to be impacted on the moon within the next two years. 

It will ride pig-a-back on a larger spacecraft now being constructed 

at NASA's Jet Propulsion Laboratory in Pasadena, California. 

At a distance about 20 to 25 miles from the surface of the 

moon, the mushroom-shaped instrument pack will be detached and a 

retro rocket w i l l  slow its speed to impact at less than 300 miles 

an hour. The parent craft will be destroyed as it impacts the 

moon at a speed of more than 5,000 miles an hour. 

The 300-pound instrument package, containing a seismometer, 

temperature-recording devices and other instruments, will be pro- 

tected by a honeycomb crushable structure designed to absorb severe 

impact. Afte r  the crash landing, the instruments will radio data 

back to Earth for a month or longer. 

The main body of the spacecraft and the 300-pound capsule 

together weigh about 800 pounds. They will be boosted on the 

60 to 70-hour flight to the moon by an Atlas-Agena B. The main 
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body of the spacecraft w i l l  carry a television camera system f o r  

photographing the moon in addition to other scientific instmunenta- 
tion. 

Purpose of landing a small, rugged seismmeteron the lunar 

surface is to learn something of the makeup of the moon. 

seismic action caused by a moon-quake or a meteor impact would 
offer clues to the lunar structure. 

The 

NASA has seismmeter development contracts for lunar missions 

with the California Institute of Technology and with Columbia 

University. 

Aeronutronic was one of three companies asked to prepare 

advanced capsule design studies after a total of 13 companies had 

submitted proposals. The Newport Beach, California, Division of 

Ford estimates its part in the experiment will cost about $3.5 
million. 

direction. 

JPL wi l l  negotiate the contract and w i l l  provide technical 

- END - 
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SPACE AND ITS CHALLENGE To ENGINEERING 

by D r .  John P. Hagen 
Director, Office fo r  the United Nations Conference 

National Aeronautics and Space Administration 

It i s  a very rea l  honor for  me t o  speak t o  you on this occasion 

on the subject, "Space and Its Challenge t o  Ehgineering". 

need f o r  an understanding of this challenge. 

this  sort ,  we are prone t o  turn t o  our educational system fo r  the leadership 

necessaryto cope with new and unforeseen situations. 

of this i s  that the educational insti tutions must have a better understanding 

There is  a 

As with most problems of 

The consequence 

of the t rue  nature of the problem so tha t  they can provide the means 

fo r  leading us on our way out. 

It i s  perhaps best t o  define our terms through a review of those 

aspects of the space program in which engineering plays a significant 

role. I might, in passing, make the point that the old-fashioned 

distinction between scient is t  and engineer i s  vanishing, that scientists 

and engineers nowadays work side by side more than they did in the past, 

and that in some areas the old roles have been interchanged - the 

ac t iv i t ies  of the engineer now lead the act ivi t ies  of the scientist.  

This i s  particularly t rue  in  the space program. 

We are now engaged in engineering activity of a to ta l ly  new kind. 

6Te must use powerfld.,  yet finely designed vehicles, W c h  mst carry 

out complicated missions i n  a predetermined fashion with no opportunity 

for  in-flight adjustment o r  repair. This equipment then must operate 

with absolute re l iabi l i ty ,  sometimes over long periods of time. In our 

plans for  the near future, some of these equipments on arrival at the i r  

destination must perform complex tasks, report back the i r  findings, and 

on command perform new tasks. 

. . . . .._ . -. . ... I . . .... . -  , , . _. .. . . . . -. .. - - 
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Some of the problem areas i n  which we .me interested are wide in 

their application. 

more powerful and more efficient means of propulsion, 

are using chmcal propulsion, but for the future other more energetic 

means must be found. 

the very core of the nrarteristls problm, for it is in the rocket engine 

w i t h  ga8es flowlng at extremely high temperatures and at high 

velocity that materials are subjected to the most severe treataent. 

Any step forward in the area of propulsion requires 8 solution, 

t h m u a  development or choice of materiel4for the problem of erasion 

We must be constantly engaged in the search for new, 

Presently we 

'&is search for new propulsion systems involves 

at hi@ tvPatUIWSe 

Presently we are using 1iquPfied gmes, such as liquid  OXY^^, 

for one of o w  propellants - one of OUP mat promising fu-e 

rockets involves the use of both l icpfd hydrogen and liquid oxygen. 

%is means then that we m e t  consider the strength of materials under 

heavy vibration at cPyogenic temperatures, 

impoaytant problen inaswrchas, due to the mtwe of Pocket fli&t, it 

it essential that the gauge of the mterials used in the fuel tanks 

be a very BIfnfpaupl to conserve w e i g h t .  

strong enough to stand up under opem%ion, but not a bit to0 stmnge 

&h assoeferted problem fa that of the piping of these l i p i d s ,  one of 

which is art s tempemtux of 20° absolute, througb the Pocket, of 

the design and operation of reguhtors a d  valves for this puppose. 

Ihfs is an exceedingly 

a$sks, then, must be m e  
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Carried i n  these vehicles are finely designed guidance mechanisms 

involving the multiple use of light but accurate g y r o s .  These work 

i n  conjunction with servo-mechanisms for  the eventual control of the 

rocket vehicle during its powered flight and l a t e r  during i t s  long coast 

toward i t s  find. mission. A l l  in a l l ,  in the rocketry side of the space 

problem, there are many engineering problems and many problems which 

m u s t  be solved by a combination of a scientific and an engineering approach. 

I should at this t i m e  interject  the thought that the space effort  

It i s  true t h a t  the popular impression of i s  much more than rocketry. 

our space effor t  i s  that of launching rockets from Cape Canaveral, 

but this i s  only a very, very small  part of the over-& effort, even 

though it presently has the greatest popular appeal and consumes the 

greater part  of our assets. 

Another of the important aspects of the space program where we have 

barely scratched the surface is i n  that of Fnformation processing. 

As you all know, it was jus t  the other day that Pioneer V passed i ts  

five millionth mile on its t r i p  toward the orbit  of Venus. 

the large antennas available t o  us at H a w a i i  and in England, we are 

s t i l l  able t o  communicate with this probe at this distance t o  gather 

information and t o  send commands. 

i t s  course, the time w S U  come when we w i l l .  hasre t o  send a command t o  

increase the transmitted power by a factor of 30 in order t o  insure 

Using 

As the probe proceeds further on 

. ^ "  . -  . ... . . ~. - - . . . ~ ..__I" - . .̂ . . . . , . .. . . ^ . _. . . . . ,. . 



successfbl colnmunications t o  a distance of 50 million miles. Hem we 

see one of the most iqportant problems i n  the whole of the space effort. 

!be amount of information that can be transmitted over 

or  in a single carr ier  band width is a f'unction of the width of the 

band available. 

of' informstion have been not too $ever@ and so never has ogtSmum use of 

band width been aC3;anpted. 

added w e i g h t  in the Pocket, arnd weight is at  a premfum, we =st therefore 

insure that OUT telecorimmications systems are designed t o  paerke the 

absolute naximam use of band width. lhis involves better hamlmre 

design, but it also involves flwther theoretical work oh infomation 

theory. me 

single carrier 

In the mst the restrictions placed on the transaaission 

Now, since every cycle of band width implies 

?tiis problem can be aided by impmvements in mteanas. 

grater the power @in of an ant-, the greater the signal-to-noise 

lpsptio and, therefore, the greater the infoapmation hozndling capability 

of the system w i l l  be. 

of' radio receivers for every improvanent i n  the sensit ivity of the 

receiver i s  the equivalent to  a proportional improvcolaernt in  the 

1% involves also the continued imppovementa 

antenna or  in the mount of power whfeh must be transmitted t o  aelsieve 

reliable comunications. 

large savings of weight in t ranmi t te rs  and antennas. 

i3ml.l impkovementas i n  sensitivity e a  mean 

Since weight i s  at  a prdum throu&out this whole pmgr&~p~, then, 

of' course, the problem of miniaturization and 8aiePo8afnia'tuPization of 

aJ.l possible coqponents must be attadsed with vigor and ingenuity. 
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W e  have Blade great strides fa this cougtry today and hopeAiUy will &e 

even greater strides in this direction. 

so far have been limited mostly to  electronic components.. 

i n  terms of miniaturization of 

OUP xuiniatwization efforts 

We mast think 

other coBnponentso 

The plsrthematicsl of the flight of 8 satellite i n  an orbit  around 

the earth, or ekrs f l i g h t  of a spcabee vehicle on i ts  way f r o m  here to 

Mars, is  eolrrplex, Astmnomers, working in the field of celest ia l  mechanics, 

start ing f”r0m the l aws  of Newton have developed the mechanics of this 

f l i g b t  so fhrrt i f  spherical syPllnetry is crammed then a,n exact solution 

exists for the orbit  of one body about a second for all leveler of rebtive 

energy. When a third body is  introduced then the problem becomes so 

diff icul t  that no general solution tias ever been W e .  Similarly, if 

one of the bodies, and fn p m % i e W  the principal one, does not have 

&;pherical symmetry, but has for example an equstopfal bulge such a6 

that of the earth, then again the solution t o  the ecpations of motion 

is  not exact. %e spsee problem really d-ds that new, significant 

work be done in the azaa of eelesstial mechanics, so that the orbits of 

satel l i tes  around the earth, or  the o r b f W  track; of a spesce vehicle 

travelling frcrm the earth t o  a distant planet m y  be mx-e closely 

predicted ana, therefore, mope carafU3.y controlled, 

m i e a t 0  the eelest ia  meehmicas problem snd to u t  of information 

processing is mother: the radio  tracking of the motions of space 



vehicles. 

date have done exceedingly well in keeping track: of our present spwe 

satellite and spsce probes. 

increases, as more and more vehicles are sent off into space, it is  

going t o  become inckeasingly important that more accurate trarMng 

be achieved i n  order t o  ffrst, maintain @ better recod of the present 

positions of a l l  of these objects and, secondly, to provide a better 

means f o r  the event& control of the flight of these vehicles. Ihe 

use of the reduction of the tracking data and its application to the 

developnent of orbits and trajectories today involves the use of tbe 

largest computing mwhines available. 

that the problem is coarple~, that there is  no exact solution, and 

so approximate snd i temt ive  methods must be used. Ihe iaappovement 

and the miniaturizatrion of computing machines with large storebge 

lhe systenns of radio  tracking that have been developed t o  

But as the intensity of our effort  

mis is occasioned by the fact 

capabilities is em essential t o  our f'urthes pPogPess in space. 

I have mentioned but a f e w  of the problem amas facing us today. 

We are a w e  of the severe problems i n  each of these weas beecause 

they have in one way QP another l l m i t s d  ow pa~es=% eapabikity. 

l i s t i ng  is not complete but it is clear f h m  the recitaial of these 

few that there is  aaeqqate work for inagtnatfve engineers for mimy 

years t o  come. 

30ae 

'Ihe Age of Space 163 a~zl age of speefalfzertfon, but it fs Smp0rtm-t 

that in educating our youth we not attempt t o  speefealize t o  exclusion. 

... . . . . , . . *. . 
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It is important for the eontisued growth of the  field that educational 

institutions apply themselves to the problems3 of the fundsunentals, 

spending time w i t h  the individual student in specialization in a 

restricted number of fields. 'fbe day is no longer here when the 

colleges and universities can turn out the complete product. 

f'unction of the college and university is now to seemly base the 

student on fundmentals, to allow the student to speci&Liae only to 

the d e n t  necessary to teach the processes of going fmra fundanwintal 

to specialty. 'Jbe man can 1- his specialty as he works after he 

leaves the e8ucatioral institution. Ihe msons  for this are rmagy. 

First, the field of space exploration is too broad for any one nan 

to master. 

then the moving technology wowld soon leave our educational institutions 

in the rear. 

Ihe 

Secondly, if education were to be based on specializt$Wm, 

If one looks sat the record of registrations of American students 

in engineering colleges in the lar& seveml  years, he sees PI very 

interesting picture, 

enrolled for first degrees in 1957 was some 258,000; f n  '58, 250,000; 

and in '59, 240,000. 

presently etxpressed in technology, why the numbers of beginning 

engineering students 83pe decreasing. 

engineers in the pbS$t have tended towar4 speeieslimtion, whereas the 

scientific f'aculties have tended towaxd genemlization. 

According to s recent publica%fon, the total 

One might well ask, wfth the gpe%rt interest 

Perhaps one of the reasons is thabt 

In %his my, 

, .. , . .  . ._ , .  . . ,  .* ^__"  ...... I. . .  .- . I .. -. 



the young student r igb t ly  or  wrongly looks upon engineering as a 

closed field, and science, such as chemistry or physics, t o  be =re 

open-ended. Zhe colleges and universities, i n  the i r  engineering 

faculties, should build for the future. They must not build for  

tamorrow, but they mst plan their curricula t o  prepare the student 

for the day af’ter tQzplorrow. 

We eu.6 i n  a deep struggle with our competitors, We can look 

about us today and rea l i ze  that we are faced w i t h  the prospect of 

half a bil l ion Russians and one bi l l ion Chinese populating Eastern 

Europe and Asia before the end of t h i s  century. 

nations has under way a compulsive effort  t o  excel in t h i s  techno- 

logical age. m s e n t l y ,  our newspapers notwithsfanding, we are in the 

Each of these 

lead, but we dare not relax and enjoy the fruits of our w e a l t h .  

Our only salvation and hops to l ive  as a free nation and a leader of 

fPcse people everywhere i s  t o  plow profits  baek into our effort. One 

potent way t o  do t h i s  is to give more time to education and to teach 

our stuaents t o  be mope perceptive, t o  recognize the techwlogiea3 

revolution and t o  master it. 

Social. problems we w i l l  have. h b  has dLways been cbffepid of 

his  new inventions and has been p e m r s e l y  adamant abou% adapting 

himself t o  the new and technically more advanced environment he emtes .  

lhis problem hers been nope severe i n  this last 5O-yersp span with more 

advances cooling i n  th i s  one generation than eane in eLu the centuries 
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since the D a r k  Ages. This extends from the very small t o  the very large. 

In  this gcneration, we have unlocked the a t o m  and have found there things 

such as electrons, protons and neutrons that we can on ly  partially 

describe with mathematics, but we do not understand these things in the 

sense tha t  we understand the thing, "chair" or  "table". 

t o  map our own galazy of stars and, where once we were impressed with 

i t s  ixmensity, now we bl i the ly th ink  of it as one of many hurtling at 

tremendous speeds through space - space whose boundaries we have never 

seen and perhaps never hope t o  see. 

We have begun 

This newly discovered knowledge of the existence of uncertainty 

a3out the very small. and the very large, at the two obvious boundaries 

of our sphere of knowledge, was uncovered at the beginning of t h i s  century 

when scient is ts  had given the impression t o  aJ1 that precision of measure- 

ment would reveal the ultimate t ru th  as a mere refinement of our then 

present knowledge. 

and our knowledge of the large, fa l l ing on this one generation, it i s  

s n d l  wonder that the children raised in this technological tempest were 

e m t i o n d l y  unstable and have created the pol i t ical  morass that exists in 

the world today. 

through the use of a common language and the knowledge of a c o m n  desire, 

t o  bring the people in this world closer together. 

that we are working toward the same ends, and that perhaps with the 

With the uncertainty of our knowledge of the small. 

It i s  one of the f'unctions of science and technology, 

We will come t o  realize 
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breaking throw of this new frontier i n  space we w i l l  all have much 

more diff icult  a d  much =re distsnt  pmblaus w i t h  which to oceupy 

ourselves. 

described by Mark !Fwain in his  short story, Adam's Mary. Adants 

only notation at one sunday's end was, "Pulled through". 

we m y  "prill thmu&" when Monday cQIpeB. 

1 think the situstion that we see today is pe;l'hsps best 

So, too, 

If America is  t o  l ive up to its promise, then surely we must 

recognize the chUenge of the f i t u ~ e  and we must be not h i d  to 

Step fOrrJlasd a d  t o  =et this -3. we l ive  Btl e m  Qf tcsch- 

nology. Perhags science and engineering will help us to continue to 

leard the world toward better living, in peace, and in freedom. 



Dr. Wernher van Braun 
American Newspaper Publishers ASSR 
bialdorf-As torfa 
New York City 
28 April 1960 

Mr. Chairman, Mstfnguished Guests, Ladies and Gentleaen: 

I consider it  a distinct privilege t o  address thisa audience 

representlng the great newsgap+ra of heriea. 

who kave lived in the urvironmant 0% dictatorship where free speech 

and the free press were totally unlcnown, the newsrperpar oeerna perhaps 

the most unique of our cherished inatimrions. 

To men 1Uce myself, 

I want to acknowledge the debt rhut tba cauntrlf'o rocket program 

~ w e s  the press. Yrwr persistant and crfeieal interest has acepaintad 

the publ& with the facts and th implieatiens Qf our axpanding scientific 

and milieary missile md space programs. Y w  have been largely respon- 

eibla for opening Chi? public miad to the c?oncy,t of humsn activit ies  i n  

t h i s  strange, new dfmenrion whi& i o  aa old os t ime. You have facilitated 

our progrees because what we do largely depends upon the people's 

acceptance of the immediate and ultimate objectivas of the national 
- 

space progtam. 

Wendell Phillips once remarked that '%re live under a goverrmtent of 

men and morning f rather suspect the afternoon d a i l i e s  
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MR. ROSEN: Wel.come t o  ano the r  p r e s s  c o n f e r e n c e  at- 
t h e  N a t i o n a l  Aeronau t i c s  and Space Admin i s t rd t ion .  
you together f o r  one major r e a s o n ,  and t h a t  i s , a s  you w e l l  
know, one of  t h e  p r i n c i p a l  missions of t h e  Nat iona l  Aeronau t i c s  
and Space A d m i n i s t r a t i o n ,  t o  l e a r n  something about  s p a c e ,  
pu r sue  s p a c e  e x p l o r a t i o n  p r o j e c t s ,  c o l l e c t  a world of d a t a ,  
a n a l y z e  these d a t a ,  a n d  t h e n  repor t  t o  t h e  s c i e n t i f i c  and 
g e n e r a l  communities on t h e  r e s u l t s  and t h e  f i n d i n g s .  

We c a l l e d  

As you know, t h e  American Geophys ica l  Union is 
meet ing i n  Washington. I t h i n k  today is t h e  f irst  of a three- 
day s e s s i o n .  A number of p a p e r s  a r e  b e i n g  p r e s e n t e d  on t h e  
f i n d i n g s  of E x p l o r e r  VI, Explo re r  VII, and P ionee r  V. 

W e  have assembled here a n  i l l u s t r i o u s  g roup  of 
e x p e r i m e n t e r s  who have des igned  equipment t h a t  is now f l y i n g  
e i t h e r  i n  E a r t h  o r b i t  or  o n  i ts  way i n t o  a n  Earth-Venus t y p e  
of o r b i t .  

In your  press k i t s  there a r e  l e a r n e d  documents,  
a b s t r a c t s  of  t h e  p a p e r s  t h a t  w i l l  be p r e s e n t e d  a t  t h e  A.G.U.  
They w i l l  g i v e  you a f ive -minu te  or ten-minute  summary of 
t h e i r  f i n d i n g s  and t h e  c o n c l u s i o n s  t h a t  t h e y  have r eached .  
A f t e r  t h e  c o n c l u s i o n  of these p r e s e n t a t i o n s  w e  w i l l  t h row t h e  
d i s c u s s i o n  open t o  q u e s t i o n s  and answers  from t h e  p a n e l .  

They have behind  them a b a t t e r y  of  e x p e r t s  t o  fill 
i n  t h e  b l a n k  s p o t s  of  t h e i r  own knowledge. 

L e t  m e  i n t r o d u c e  them t o  you and g i v e  you a n  i d e a  
of what t h e y  w i l l  be t a l k i n g  a b o u t .  

O n  my f a r  r i g h t ,  D r .  B r i a n  O 'Br ien ,  Department of 
P h y s i c s  and Astronomy, S t a t e  U n i v e r s i t y  of Iowa, Iowa C i t y ,  
Iowa. 

D r .  O 'Br ien  w i l l  talk abou t  t h e  E x p l o r e r  VII. H e  
w i l l  be working hand i n  g l o v e  w i t h  t h e  man immediately t o  
h i s  l e f t ,  D r .  J o h n  Winck le r ,  School  of P h y s i c s ,  U n i v e r s i t y  of 
Minnesota ,  Minneapol i s ,  Minnesota.  

To h i s  l e f t  is Mr. Harry Goet t ,  t h e  Director of t h e  
N a t i o n a l  A e r o n a u t i c s  and Space Adminis t ra t ion ,Goddard  Space 
F l i g h t  Programs ., 

I want t o  p o i n t  o u t  t h a t  these expe r imen t s  a r e  con- 
duc ted  under t h e  j u r i s d i c t i o n  of  t h e  Goddard Space F l i g h t  
C e n t e r ,  

Next t o  him is Dr. H o m e r  N e w e l l ,  Deputy Director ,  
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NASA, Off ice of Space F l i g h t  Programs. 

Bes ide  him is D r .  John  A .  Simpson, Enrico: Fermi 
I n s t i t u t e  for  Nuclear  S t u d i e s ,  U n i v e r s i t y  o f  Chicago, 
Chicago,  I l l i n o i s .  

H e  w i l l  t a l k  abou t  t h e  Chicago experiment  t h a t  
was c o n t a i n e d  i n  P ionee r  V, 

Next is D r .  C h a r l e s  P. S o n e t t ,  Director of Space 
Phys ic s  S e c t i o n ,  Research and Development D i v i s i o n ,  Space 
Technology L a b o r a t o r i e s ,  I n c , ,  Los Angeles ,  C a l i f o r n i a .  

D r .  S o n e t t  w i l l  t a l k  about  t h e  magnetometer 
expe r imen t s .  

Next t o  him is D r .  Adolph K.  T h i e l ,  Director,  
Exper imenta l  Space Pro jec ts ,  Space Technology L a b o r a t o r i e s ,  
I n c .  

D r .  T h i e l  w i l l  g i v e  you some run-down on t h e  
p o s i t i o n  and performance of  P ionee r  V. 

Next t o  him w e  have Mr. Maurice Dubin,  Head of  
Aeronomy S e c t i o n ,  NASA O f f i c e  of Space F l i g h t  Programs, 
NASA Headquar t e r s .  

M r .  Dubin w i l l  t a l k  about  t h e  meteorite e x p e r i -  
ment. 

I n  t h e  q u e s t i o n  and  answer p e r i o d ,  fo r  those of 
you who want t o  u s e  names, behind  w i l l  be gent lemen who 
w i l l  be r e spond ing  t o  q u e s t i o n s  t h a t  come from t h e  f l o o r ,  
Reading from my r i g h t :  Mr. P a u l  G l a s e r ,  A s s i s t a n t  t o  t h e  
Director,  Exper imenta l  Space Projects,  Space Technology 
L a b o r a t o r i e s ,  I n c . ,  John Lindsay ,  NASA Project S c i e n t i s t  o n  
P ionee r  V, Goddard Space F l i g h t  Cen te r .  

Next t o  him, Major J a y  S m i t h ,  Director of Space 
Probe Projects ,  A i r  F o r c e  B a l l i s t i c  Missile D i v i s i o n ,  A R K ,  
Inglewood, C a l i f o r n i a .  

Next t o  him,  D r ,  Robert K. Soberman, Cambridge 
Research  C e n t e r ,  ARDC. 

There  is a n o t h e r  c o r r e c t i o n  t o  t h e  press k i t .  On 
release 60-183, t h e  P ionee r  V s t a t i s t i c s ,  there is o n  t h e  
ve ry  f irst  l i n e  a f t e r  "launch' ' ,  a l t ' i t u d e  78.1 degrees. Please 
delete t h a t  i f  you w i l l .  
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From t h i s  p o i n t  on  I would l i k e  t o  t u r n  t h e  pro- 
ceedings ove r  t o  D r .  H o m e r  N e w e l l ,  who w i l l  c a r r y  on. 

DR. NEWELL: Thank you,  Herb. 

The l aunch ing  of a s a t e l l i t e  or a space c r a f t  is 
of c o u r s e  a n  e x c i t i n g  e v e n t ,  e spec ia l ly  when one  ge t s  back 
t o  news t h a t  t h e  l aunch ing  has been s u c c e s s f u l .  But even  
more e x c i t i n g  is t h e  i n f l u x  of d a t a  from such  a s u c c e s s f u l  
s a t e l l i t e  or s p a c e  c r a f t ,  We a r e  assembled here today  t o  
t a l k  about  da ta  which has come back from P i o n e e r  V p r i m a r i l y .  
However, -- and t h i s  is a n  i n t e r e s t i n g  p o i n t  t h a t  I t h i n k  w e  
s h o u l d  deve lop  -- t h e  da ta  which is coming back from P ionee r  
V is add ing  t o  a p i c t u r e  t h a t  has been growing from t h e  da t a  
coming back  from p r e v i o u s  probes and  satel l i tes .  

You w i l l  f i n d ,  a s  t h e  e x p e r i m e n t e r s  r ev iew t h e i r  
r e s u l t s ,  t h a t  t h e y  w i l l  have r e f e r e n c e  t o  p r e v i o u s  probes -- 
f o r  example, P ionee r  I -- and t o  p r e v i o u s  s a t e l l i t e s  -- f o r  
example, Explorer  VI. 

I n  p a r t i c u l a r  there is a s a t e l l i t e  i n  o p e r a t i o n  
r i g h t  now which is s t i l l  f u n c t i o n i n g ,  namely Exp lo re r  V I I ,  
which has g i v e n  data  t h a t  c a n  be correlated w i t h  t h e  informa- 
t i o n  coming back from P ionee r  V. For  t h i s  r e a s o n  w e  have D r .  
O 'Brien here t o  t a l k  on  Exp lo re r  V I I .  

The P ionee r  V w a s  i n s t r u m e n t e d ,  a s  you know, t o  
s t u d y  pa r t i c l e s  i n  space ,  and t o  o b s e r v e  magnet ic  f i e l d s  
encountered  i n  space: t h e  magnet ic  f i e l d  of t h e  E a r t h ,  and 
beyond t h e  E a r t h  i n  i n t e r p l a n e t a r y  space.  

I s h o u l d  l i k e  t o  c a l l  your  a t t e n t i o n  t o  a n  i t e m  t h a t  
Mr. Rosen mentioned i n  h i s  i n t r o d u c t i o n ,  namely t h a t  a t  t h e  
American Geophys ica l  Union meet ings  t h i s  a f t e r n o o n ,  a t  t h e  
Department of I n t e r i o r  Auditor ium a t  2 : O O  o'clock, t e c h n i c a l  
papers on t h e  s u b j e c t  of t h i s  p a n e l  d i s c u s s i o n  w i l l  be g i v e n  
by t h e  expe r imen te r s .  

Without any f u r t h e r  i n t r o d u c t i o n  on  my p a r t ,  t h e n ,  
le t  u s  t u r n  t o  t h e  main p a r t  of t h i s  s e s s i o n .  I would l i k e  t o  
c a l l  f irst  on  D r .  Adolph T h i e l ,  of STL. 

DR. THIEL: L a d i e s  and  gent lemen,  P i o n e e r  V is a 
s c i e n t i f i c  s p a c e  probe, and t h e  main pu rpose  of t h i s  today  is 
r e a l l y  t o  p r e s e n t  t o  you t h e  r e s u l t s  a s  f a r  a s  t h e y  have been  
developed from t h e  s c i e n t i f i c  expe r imen t s .  

N e v e r t h e l e s s ,  i n  s t a r t i n g  of f  t h i s  s e s s i o n  i t  might  
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be u s e f u l  t o  review very  b r i e f l y  t h e  e n g i n e e r i n g  performance 
of P ionee r  V. I would l i k e  t o  i n  a ve ry  b r i e f  t i m e  g i v e  
you some i d e a  how P ionee r  V ,  from a n  e n g i n e e r i n g  v i ewpo in t ,  
has  performed s o  f a r .  

The f i r s t  char t  I have here summarizes t h e  p o s i t i o n  
of P ionee r  V a s  a f u n c t i o n  o f  calendar days .  A t  t h e  p r e s e n t  
time, t o d a y ,  t h e  P ionee r  V is abou t  6.7  m i l l i o n  miles from t h e  
E a r t h .  The d i s t a n c e  from P ionee r  V t o  t h e  Sun is abou t  90 
m i l l i o n  miles. The d i s t a n c e  which P i o n e e r  V a c t u a l l y  has 
t r a v e l e d  i n  o rb i t  is shown i n  t h i s  column. Today i t  h a s  
t r a v e l e d  something of t h e  order of 383 or 384 m i l l i o n  miles. 

I n  t h e  l a s t  column t h i s  might r e a l l y  bes t  i l l u s t r a t e  
t o  you what these d i s t a n c e s  r e a l l y  mean. The l a s t  column 
summarizes t h e  communication time between t h e  ground s t a t i o n  
t o  t h e  P ionee r  V and  back a g a i n .  So you c a n  see w e  a r e  r e a l l y  
r e a c h i n g  q u i t e  f a r  i n t o  space. Today i t  t a k e s ,  t o  communicate 
w i t h  P ionee r  V, one minute  and t e n  s econds .  A t  t h e  t i m e  of 
its closest  approach t o  Venus, which is  about  August 10,  t h i s  
communication t i m e  w i l l  i n c r e a s e  t o  a b o u t  e i g h t  and a q u a r t e r  
minutes .  

A l s o  of i n t e r e s t  might be how much t r a c k i n g  a c t u a l l y  
has  been  accomplished s o  f a r .  As you know, P i o n e e r  V is a 
c o n t r o l  -- operates o n  a c o n t r o l  command b a s i s .  I n  o ther  w o r d s ,  
w e  a r e  commanding o n  and  of f  from t h e  ground t h e  i n t e r r o g a t i o n  
o f  P ionee r  V.  

So f a r  t h i s  cha r t  shows you what has been accumulated 
u p  to today , f rom t h e  l aunch  of March 11. A t  t h e  beg inn ing  w e  
had f o u r  ground s t a t i o n s ,  The first o n e ,  a t  P a t r i c k ,  which 
handled  o n l y  t h e  l aunch  phase  i t s e l f ,  and Manchester ,  S ingapore  
and  H a w a i i .  Manchester operated fo r  about  t w o  d a y s ,  a n d  t h e n  
i t  dropped o u t  s imply  because  i t  c o u l d  n o t  communicate w i t h  t h e  
d i s t a n c e  any more. 

Today w e  s t i l l  have i n  o p e r a t i o n  and  w i l l  have i n  
o p e r a t i o n  f o r  q u i t e  a c o n s i d e r a b l e  time t w o  s t a t i o n s ,  one  i n  
Manchester and t h e  o ther  i n  Hawaii .  A l l  together  w e  have 
accumulated a s  o f  today  94 hours  of t r ack ing  time. 
hour s  where w e  a c t u a l l y  o b t a i n e d  da t a  from P i o n e e r  V. 

Ninety-four  

We have operated t h e  command sys t em 227 times. 

I t  might be of some i n t e r e s t  t o  you gent lemen how w e  
a c t u a l l y  do t h i s  command o n  and  of f  of P i o n e e r  V i n t e r r o g a t i o n .  
T h i s  does i n v o l v e  a ra ther  complex s c h e d u l e  i n  exercise. A 
good example is shown on  t h i s  c h a r t .  The cha r t  shows you t h e  
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v i s i b i l i t y  per iod from t h e  v a r i o u s  ground s t a t i o n s .  I n  other 
words ,  i t  shows on  a c e r t a i n  day -- and t h e  day here is  May 
2 -- on t h e  second of May t h e  P ionee r  V is v i s i b l e  from Singa-  
pore ove r  t h i s  p e r i o d  o f  time; from Hawaii o v e r  t h i s  period 
of t i m e ;  and from Manchester ove r  t h i s  period of t i m e .  

Then w e  a c t u a l l y  s c h e d u l e  c e r t a i n  t r a c k i n g  per iods .  
The main tKlg which w e  have t o  c o n s i d e r  here is t o  s c h e d u l e  
these t r a c k i n g  periods such  t h a t  w e  d o n ' t  put  a n  un reasonab le  
burden on  o u r  ba t t e r i e s ,  Every time w e  a r e  a c t u a l l y  t r a c k i n g  
w e  a r e  d r a i n i n g  t h e  b a t t e r i e s .  When w e  s h u t  off  t h e  t r a n s -  
mitter t h e n  t h e  so la r  c e l l s  a r e  r e c h a r g i n g  t h e  bat ter ies .  

W e  have t o  be ve ry  c a r e f u l  t h a t  w e  do n o t  over-  
charge t h e  bat ter ies ,  i n  other  words ,  t h a t  w e  do n o t  have too 
l o n g  a d i s t a n c e  between t h e  t r a c k i n g  per iods.  

As might  come o u t  a l i t t l e  l a t e r ,  w e  a r e  p r e p a r i n g  
these c h a r t s  i n  advance. On t h e  other  hand w e  a l s o  have t o  be 
ve ry  f l e x i b l e  and have t o  have t h e  c a p a b i l i t y  t o  change these 
t r a c k i n g  periods o n  ve ry  s h o r t  n o t i c e .  T h i s  happens whenever 
t h e  expe r imen te r  is p a r t i c u l a r l y  i n t e r e s t e d  t o  ge t  a c e r t a i n  
t i m e .  For  i n s t a n c e ,  when a so l a r  f l a r e  happens t h e y  c a l l  u s  
up  and a s k  u s  can  you poss ib ly  change t h e  t r a c k i n g  period and  
t u r n  i t  on a t  t h i s  and  t h i s  day. 

So t h i s  is a normal s c h e d u l i n g  cha r t  which  always 
might be modified by c e r t a i n  e v e n t s .  

T h i s  c h a r t  r e a l l y  shows you t h e  performance o f  t h e  
e n g i n e e r i n g  s u b  sys t em i n  P i o n e e r  V. 

We have o n  o u r  t e l e m e t r y  c h a n n e l ,  i n  a d d i t i o n  t o  
g e t t i n g  a l l  t h e  s c i e n t i f i c  d a t a  back, w e  have one  channe l  
w i t h  which w e  s u p e r v i s e  very  c a r e f u l l y  t h e  performance of 
P ionee r  V. We a r e  measuring a number of parameters, a s ,  f o r  
i n s t a n c e ,  t h e  t empera tu re  i n  t h e  c o n v e r t e r ,  t h e  t e m p e r a t u r e  
i n  t h e  t r a n s m i t t e r  and s p e c i f i c a l l y  t h e  t e m p e r a t u r e  i n  t h e  
ba t t e r i e s ,  t h e  paddle  t empera tu re ,  t h e  lower s h e l f  t e m p e r a t u r e ,  
the  b a t t e r y  v o l t a g e ,  and t h e  r e c e i v e r  loop stress. 

T h i s  cha r t  c a n  show you how w e l l  Pioneer V works 
from a n  e n g i n e e r i n g  v iewpoin t  

T h i s  column g i v e s  t h e  v a l u e  which w e  predicted 
p r io r  to  l aunch .  

T h i s  column shows you what w e  a c t u a l l y  o b t a i n e d ,  
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As you c a n  see, o u r  t empera tu re  c o n t r o l  sys t em 
works r a t h e r  w e l l .  W e  a r e  somewhat o f f ,  b u t  t h i s  is w e l l  
w i t h i n  t h e  t o l e r a n c e  which w e  had p r e d i c t e d .  

Our b a t t e r y  v o l t a g e ,  which r e a l l y  is an  i n d i c a t i o n  
of how w e l l  o u r  s o l a r  power s u p p l y  o p e r a t e s ,  is off  by less 
t h a n  f i v e  p e r  cen t .  

The nex t  t w o  c h a r t s  g i v e  a n  i n d i c a t i o n  o f  how 
l o n g  w e  a c t u a l l y  c a n  h o p e f u l l y  t rack  P i o n e e r  V.  T h i s  cha r t  
shows t h e  s i g n a l  s t r e n g t h  i n  t h e  communication l o o p  from 
t h e  ground t o  P ionee r  V for  t h e  s t a t i o n  i n  H a w a i i ,  which is 
t h i s  l i n e ,  a s  w e l l  a s  from t h e  s t a t i o n  i n  Manchester.  

I n  H a w a i i  t h e  command t h r e s h o l d  is t h i s  l i n e  here, 
I n  Hawaii t h e  p r e d i c t i o n  was t h a t  w e  w i l l  lose t h e  command 
c a p a b i l i t y  o n  t h e  w h i t e  band when w e  reach  o u t  abou t  s i x  
m i l l i o n  miles. A c t u a l l y  i t  d i d  happen t h a t  w e  had t o  g o  t o  
ano the r  band j u s t  s h o r t l y  before w e  reached t h i s  po in t  here. 
I t  f u r t h e r m o r e  shows you t h a t  a s  f a r  a s  Manchester is con- 
ce rned  w e  a r e  p r e d i c t i n g  r i g h t  now t h a t  w e  have t h e  command 
c a p a b i l i t y  w e l l  o u t  t o  e i g h t y  t o  a hundred m i l l i o n  miles. 

A s  f a r  a s  H a w a i i  is conce rned ,  t h e  command 
c a p a b i l i t y  w i t h  t h e  f i v e  w a t t  t r a  ns mi t t er probably w i 1 1 
end  somewhere around t w e n t y  or twenty- f ive  m i l l i o n  miles. 

I f  you remember t h e  first c h a r t ,  t h e  c losest  
approach t o  Venus o c c u r s  a t  about  f o r t y - f i v e  m i l l i o n  m i l e s ,  
w e l l  w i t h i n  t h e  command c a p a b i l i t y  of o u r  command s t a t i o n  
a t  Manchester.  

T h i s  c h a r t  shows you t h e  communication loop 
c a p a b i l i t y  from t h e  P ionee r  V down t o  t h e  ground,  which 
means i t  t e l l s  u s  how l o n g  w e  c a n  r e c e i v e  i t  i n t e l l i g e n t l y ,  
t h e  telemeter d a t a ,  s p e c i f i c a l l y  s c i e n t i f i c  d a t a ,  

Again,  t o  make i t  ve ry  b r ie f ,  i t  i n d i c a t e s  here -- 
t h i s  a g a i n  is t h e  t h r e s h o l d  -- t h a t  from H a w a i i  w e  w i l l ,  w i t h  
t h e  f i v e - w a t t  t r a n s m i t t e r ,  reach t h e  p o i n t  of n o t  be ing  a b l e  
t o  o b t a i n  telemeter d a t a  from around s i x  m i l l i o n  miles. 

Again t h i s  h a s  been conf i rmed ,  desp i te  t h e  f a c t  w e  
s t i l l  can communicate from Hawaii ,  t h e  telemeter data  r i g h t  
now w i t h  t h e  f i v e - w a t t  t r a n s m i t t e r  is g e t t i n g  ve ry  weak. As 
a matter of f a c t ,  i t  is most of t h e  t i m e  n o t  u s e a b l e ,  

When w e  go t o  t h e  150-watt t r a n s m i t t e r ,  H a w a i i  w i l l  
have  t h e  c a p a b i l i t y  t o  ope ra t e  a t  abou t  twenty m i l l i o n  miles. 

. .. . . .  
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Manchester w i l l  have t h e  c a p a b i l i t y  t o  operate a t  well up  t o  
one  hundred m i l l i o n  miles, 

T h i s  t h e n  a l s o  raises t h e  q u e s t i o n :  As you probably  
know w e  a r e  s t i l l  o p e r a t i n g  w i t h  t h e  f ive -wa t t  t r a n s m i t t e r .  
As you c a n  see from t h e s e  two c h a r t s ,  w e  a r e  approaching  ve ry  
r a p i d l y  t h e  p o i n t  where w e  a r e  g o i n g  t o  s w i t c h  o v e r  from t h e  
f i v e - w a t t  t r a n s m i t t e r  t o  t h e  150-watt t r a n s m i t t e r .  I n  a l l  
p r o b a b i l i t y  t h i s  w i l l  happen w i t h i n  t h e  n e x t  three weeks. 

MR, GOETT: Thank you,  D r ,  T h i e l .  

Next I t h i n k  w e  would l i k e  t o  hear from D r .  Simpson 
about  t h e  Chicago exper iment .  
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DR. SIMPSON: I would l i k e  first t o  thank  both the  
NASA o r g a n i z a t i o n  and t h e  Space Technology L a b o r a t o r i e s ,  Dr. 
T h i e l ' s  g roup  and t h e  others ,  f o r  t h e  o p p o r t u n i t y  tha t  h a s .  
been g i v e n  t o  some of u s  i n  t h e  U n i v e r s i t i e s  t o  p l a c e  on 
board  v e h i c l e s  l i k e  P i o n e e r  V expe r imen t s  tha t  c o n t i n u e  
ear l ier  work t h a t  w e  have been a b l e  t o  do i n  more l i m i t e d  
w a y s  ei ther on the  s u r f a c e  of the  Ea r th  o r  i n  b a l l o o n s .  So 
w e  look upon t h i s  as a real  p r i v i l e g e  and o p p o r t u n i t y  and 
w e  are d e l i g h t e d  t o  t a l k  about  a l l  t h e  p h y s i c s  t h a t  w e  have 
been a b l e  t o  l e a r n  i n  making t h e s e  expe r imen t s  w i t h  you. 

S i n c e  t h e  l aunch ing  of P i o n e e r  V t h e  solar condi-  
t i o n s  af ter  l aunch  remained r e l a t i v e l y  q u i e t  u n t i l  toward t h e  
2 7 t h  or 28 th  of March, whereupon, on t h e  solar d i s k ,  w i t h  
t h e  sun  r o t a t i n g  i n  t h i s  d i r e c t i o n ,  as s e e n  from t h e  E a r t h ,  
t h e r e  appeared  a r e g i o n  d e s i g n a t e d  by t h e  h i g h - a l t i t u d e  
o b s e r v a t o r y  as H-15, i n  which there w a s  a large number of 
a t  f irst  r e l a t i v e l y  s m a l l  solar  f lares  occusying, and t h e n  
w i t h i n  a r e l a t i v e l y  s h o r t  p e r i o d  of t i m e  a l a r g e  number of 
solar  f lares.  So t h a t ,  by t h e  2 8 t h  or so of March, t h e r e  
w a s  almost a c o n t i n u o u s  f l a r i n g  i n  t h i s  r e g i o n  and i n  some 
s i m i l a r  r e g i o n s  n o t  far  away. 

A t  t h e  s a m e  t i m e  there w a s  i n t e n s e  solar r.adio 
n o i s e  e x t e n d i n g  o u t  i n t o  t h e  corona  c o n s i d e r a b l e  d i s t a n c e s .  

So I can  r e p o r t ,  i n  a d d i t i o n  t o  t h e  s u c c e s s f u l  
l a u n c h i n g  of  P i o n e e r  V ,  one had t h e  almost i d e a l  s i t u a t i o n  
where f irst  one had a q u i e t  p e r i o d  t o  look a t  h i s  i n s t r u -  
ments,  t o  be s u r e  t h & t  t h e  c a l i b r a t i o n s  were what you 
e x p e c t e d ,  t o  view t h e  exper iment  w e  expec ted  for  the  i n t e r -  
p l a n e t a r y  cosmic r a y s ,  and so f o r t h ,  and t h e n  d i s c r e t e l y  
w i t h  t h i s  q u i e t  background one  g o t  a tremendous series of 
e v e n t s  t h a t  f o r m  p robab ly  t h e  main c e n t e r  of  o u r  d i s c u s s i o n  
h e r e  today .  

I mention these i n t r o d u c t o r y  remarks because  I 
t h i n k  t h e y  are p e r t i n e n t  t o  many of o u r  d i s c u s s i o n s .  

Very  b r i e f l y ,  one  of t h e  o u t s t a n d i n g  f lares pro- 
duced a b u r s t  which a p p e a r s  t o  be  a b u r s t  of plasma t h a t  
s tar ted o u t  on t he  3 0 t h  of March toward the E a r t h ,  and 
r eached  P i o n e e r  V and t h e  E a r t h  on 0800, approx ima te ly ,  
U n i v e r s a l  T ime ,  on t h e  31st of March. 
geomagnet ic  s t o r m ,  t h e  s h a k i n g  of t h e  E a r t h ' s  f i e l d ,  d i s -  
t o r t i o n  of t h e  E a r t h ' s  f i e l d ,  and a t  t h i s  t i m e  already one 
of t h e  f i r s t  r e s u l t s  w a s  o b t a i n e d ,  namely, u s i n g  o u r  
detector s y s t e m  i d e n t i c a l  w i t h  E x p l o r e r  V I ,  which w e  

I t  produced a t y p i c a l  
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d i s c u s s e d  l a s t  f a l l  a t  a. similar p r e s s  c o n f e r e n c e ,  w e  ob- 
s e r v e d  a sha rp  decrease of i n t e n s i t y  i n  t h e  P i o n e e r  v e h i c l e ,  
a d e p r e s s i o n  of t h e  cosmic r a y  p a r t i c l e s  coming from the 
ga laxy .  

I n  t h e  f i r s t  s l i d e  you can see b l o c k s  of data as a 
f u n c t i o n  of t i m e ,  i n c l u d i n g  t h e  p e r i o d  of March 31st. So 
t h a t  t h i s  d e p r e s s i o n  of  i n t e n s i t y  from Exp lo re r  V I  d a t a ,  and 
t h e  r e c e n t  P i o n e e r  r e s u l t s ,  when compared w i t h  t h e  observa-  
t i o n s  a t  t h e  E a r t h  s i m u l t a n e o u s l y ,  u s i n g  a n e u t r o n  i n t e n s i t y  
mon i to r ,  proved t o  u s  t h a t  t h e  s h a r p  decrease of g a l a c t i c  
cosmic r a y  i n t e n s i t y  does  n o t  depend upon t h e  e x i s t e n c e  of 
t h e  E a r t h ' s  e l e c t r o m a g n e t i c  s y s t e m ,  and consequen t ly  t e l l s  
u s  d i r e c t l y  t h a t  w e  are h e r e  d e a l i n g  w i t h  a plasma e j e c t i o n  
f r o m  t h e  sun. I t  p r o v i d e s  u s  w i t h  some of t h e  s t r o n g e s t  
e x p e r i m e n t a l  ev idence  w e  have t o  d a t e  f o r  t h e  e x i s t e n c e  of  
t h i s  t y p e  of mechanism. W e  do n o t  know t h e  d e t a i l s ,  bu t  w e  
know t h a t  there is a v a s t  and e x t e n s i v e  d i s t o r t e d  magnet ic  
f i e l d  s y s t e m  i n  t h e  v i c i n i t y  of t h e  E a r t h  and P i o n e e r  V a t  
t h i s  t i m e .  

So t h e  t y p i c a l  decrease, known as t h e  Forbush 
d e c r e a s e  -- Dr. S c o t t  Forbush,  who is s i t t i n g  h e r e  i n  t h e  
aud ience ,  w h o  obse rved  such  v a r i a t i o n s  even before World War 
I1 -- can now be  i d e n t i f i e d  as a phenomenon of  solar  o r i g i n  
and does n o t  depend upon t h e  E a r t h .  

T h i s  is t h e  f i r s t  c o n c l u s i o n  t h a t  w e  d e r i v e  from 
P i o n e e r  V r e s u l t s .  

( S l i d e .  ) 

H e r e  is t h e  date of launch .  Each i n t e r v a l  r e p r e -  
s e n t s  one day. W e  have i n d i c a t e d  i n  a s o r t  of h i s t o g r a m  
f a s h i o n  t h e  c o u n t i n g  rate f o r  one  of t h e  detectors i n  o u r  
s y s t e m .  H e r e  you see t h i s  s h a r p  decrease of i n t e n s i t y ,  r e p r e -  
s e n t i n g  t h e  l o s s  of approx ima te ly  28 p e r c e n t  of  a l l  t h e  cosmic 
r a y s  f r o m  t h e  g a l a x y  a t  t h i s  p e r i o d  o f  t i m e .  

H e r e  is t h e  f l a r e  which produced t h i s  effect .  Here 
is  t h e  magnet ic  storm accompanying i t  on a t i m e  scale. This 
o c c u r r e d  a t  f i v e  m i l l i o n  ki lometers  f r o m  t h e  E a r t h  and hence 
is comple t e ly  independent  of t h e  E a r t h ' s  s y s t e m .  

Now l e t  u s  proceed  t o  t h e  n e x t  e v e n t .  

The f o l l o w i n g  d a y ,  on A p r i l  lst, t h e r e  o c c u r r e d  
a n o t h e r  solar f l a r e ,  o u t s t a n d i n g  i n  c h a r a c t e r ,  t h a t  r e s u l t e d  
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w i t h i n  t h e  o r d e r  of twenty minutes  o r  so,  r e s u l t e d  i n  t he  
a r r i v a l  of solar  p r o t o n s .  These are t h e  low-energy solar 
p r o t o n s  t h a t  have been s e e n  d u r i n g  t h e  IGY y e a r s  up th rough  
t o  t h e  p r e s e n t .  They were d e t e c t e d  i n  P i o n e e r  V as a s h a r p  
i n c r e a s e  i n  f l u x ,  b u t  a lso observed  a t  t h e  P o l e  b y  H a r o l d  
Le inbach ,  of t h e  Geophys ica l  I n s t i t u t e  of Alabama, u s i n g  
radio a b s o r p t i o n  t e c h n i q u e s ,  who w a s  a b l e  t o  show t h a t  t h e  
i n c r e a s e d  i o n i z a t i o n  o v e r  t h e  p o l e s  o c c u r r e d  a t  t h e  t i m e  of 
t h e  a r r i v a l  of solar  p r o t o n s .  And because  of t h e  prompt 
a b s o r p t i o n  that o c c u r r e d  t h e r e ,  e s s e n t i a l l y  i n  c o i n c i d e n c e  
w i t h  t h e  o b s e r v a t i o n  of p a r t i c l e s  i n  P i o n e e r  V ,  w e  see t h a t  
there is  no immediate hold-up of p r o t o n s  i n  t h e  geomagnet ic  
f i e l d ;  t h a t  these p r o t o n s  t h e n  come d i r e c t l y  t o  t h e  p a r t i c u -  
l a r  r e g i o n s  from space .  

T h i s  is t h e  o t h e r  c o n c l u s i o n  t h a t  w e  can  draw. 

On A p r i l  1st w e  c a n  draw a f u r t h e r  c o n c l u s i o n  from 
t h i s  solar  f la re  t h a t  o c c u r r e d .  T h i s ,  i n c i d e n t a l l y ,  w a s  the  
m o s t  o u t s t a n d i n g  solar f l a r e  t h a t  r e s u l t e d  i n  p a r t i c l e s  t h a t  
w e  have obse rved  i n  t h i s  p e r i o d ,  b u t  t h e r e  w e r e  o t h e r s ,  and 
I a m  n o t  go ing  t o  r e f e r  t o  them a t  t h i s  t i m e ,  however. 

The o t h e r  i n t e r e s t i n g  effect is the  f o l l o w i n g :  
t h a t  a t  t h i s  t i m e  w e  have ev idence  t h a t  e l e c t r o n s  a l s o  a r r i v e d .  
T h i s  is  o u r  first e v i d e n c e  t h a t  e l e c t r o n s  f r o m  the  sun  f i n d  
t h e i r  way t o  t h e  E a r t h  r e l a t i v e l y  promptly and of i n t e r m e d i a t e  
energy .  W e  d o n ' t  know y e t  t h e  e n e r g i e s  because  w e  have t o  
cal ibrate  o u r  detectors i n  t h e  laboratory f o r  t h e  energy  
r a n g e  t h a t  w e  s u s p e c t ,  which came i n t o  p l a y  h e r e ,  b u t  w e  do 
know t h a t  t h e  f l u x e s  w e r e  t h e  order of hundreds  of t i m e s  
t h e  cosmic r a y  f l u x .  

So w e  see t h a t  from t h i s  e l e c t r o n  emiss ion  w e  know 
t h a t  t h e  sun  accelerates e l e c t r o n s  because  w e  see t h e  d i rec t  
effect of  t h e  a c c e l e r a t e d  e l e c t r o n s .  

I n  t h e  n e x t  s l ide  w e  show a n o t h e r  c o n c l u s i o n  d e r i v e d  
from t h e s e  measurements. You w i l l  n o t i c e  i n  t h e  p r e v i o u s  
s l i d e  t h a t  t h e  high-energy p a r t i c l e s  e s s e n t i a l l y  v a r i e d  about  
h o r i z o n t a l  l i n e ,  

( S l i d e .  ) 

When w e  look a t  a detector which l o o k s  f o r  e l e c t r o n s  
w e  d i s c o v e r  t h a t  t h e r e  are b u r s t  p e r i o d s  i n  h e r e  where appar-  
e n t l y  B r e m s s t r a h l w g  w a s  a p p e a r i n g  i n  o u r  detector. W e  
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i n t e r p r e t  t h i s  as t h e  impingement of e l e c t r o n s  upon t h e  body 
of P i o n e e r  V and upon t h e  l e a d  from our  d e t e c t o r ,  You see, 
for example, on A p r i l  lst,  here is t h e  e l e c t r o n  increase. 
H e r e  is a n o t h e r  so la r  f l a r e  A p r i l  5 t h ,  p roducing  even more 
e l e c t r o n  f l u x e s .  G e n e r a l l y  there is u n d e r l y i n g  an o v e r a l l  
increase of i n t e n s i t y  of e l e c t r o n s  o u t  a t  d i s t a n c e s  t h e  o r d e r  
of one t o  f i v e  m i l l i o n  ki lometers .  

We k m w  t h a t  t h i s  is n o t  an  i n s t r u m e n t a l  problem 
because  by  t h e  1 4 t h  of August w e  have r e t u r n e d  t o  t h e  i n i t i a l  
c o n d i t i o n s  t h a t  w e  had a t  t h e  t i m e  of l a u n c h i n g ,  and t h e  
r a d i a t i o n ,  a t  l eas t  ;"or a s h o r t  p e r i o d  of t i m e ,  d i s a p p e a r e d .  

So w e  can  t h e r e f o r e  conclude  t h a t  probably  t h e  
r ad ia l  s o u r c e s  which  w e r e  p r e s e n t  d u r i n g  this p e r i o d  a lso 
c o n t a i n  t h e s e  e n e r g e t i c  e l e c t r o n s ,  and a t  Beast some of them 
w e r e  able t o  e s c a p e  and f i n d  t h e i r  way t o  t h e  E a r t h ,  

These  are the  immediate c o n c l u s i o n s  t h a t  one can 
d e r i v e  from t h e  i n i t i a l  r e d u c t i o n  of d a t a .  They g i v e  u s  a 
c o n s i d e r a b l e  amount of i n s i g h t  i n t o  t h e  o r i g i n  of t h e  plasma 
c l o u d  coming from t h e  sun.  The plasma c l o u d  probably  carried 
s o m e  of t h i s  r a d i t i s n  i n d i c a t e d  i n  h e r e ,  A s  you w i l l  h e a r  from 
o t h e r  s p e a k e r s ,  there w e r e  accompanying effects  i n  a l l  detectors ,  
i n c l u d i n g  t h e  magnetometer d e v i c e s .  

So t h e  e v i d e n c e  a t  p r e s e n t  t h e n  is t h a t  o u r  theoret-  
i ca l  p i c t u r e ,  i d e a l i z e d  model, of t h e  way i n  which t h e  geo- 
magnet ic  storm g e t s  under  way,  is beg inn ing  t o  be b u i l t  up.  
And because  w e  can  prove  t h e  e x i s t e n c e  of t h e  s h a r p  Forbush 
decrease i n  s p a c e ,  w e  know e x p e r i m e n t a l l y  t h a t  i t  mus t  i n c l u d e  
t h e  t r a n s p o r t a t i o n  of plasma. 

I t h i n k  t h a t  is a l l  I s h o u l d  s a y  r i g h t  now, 

Thank you. 

MR. GOETT: Thank you? Dr. Simpson. 

Now w e  would P ike  t o  h e a r  from D r .  Winckler of 
t h e  U n i v e r s i t y  of Minnesota ,  about  t h e  exper iment  f o r  which 
he w a s  r e s p o n s i b l e .  

DR. WINCKLER: The d e t e c t o r s  t h a t  w e  i n s t a l l e d  i n  
P i o n e e r  V were e x a c t l y  t h e  same as those carried i n  t h e  
Exp lo re r  V I .  We are t h u s  able t o  compare t h e  r e s u l t s  i n  deep  
s p a c e  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  t h e  r a d i a t i o n  b e l t s  around 
t h e  E a r t h .  
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These d e t e c t o r s  go down t o  lower e n e r g i e s  t h a n  
those described by  Dr. Simpson. I n  t h a t  s e n s e ,  t h e y  comple- 
ment each  o t h e r  ve ry  n i c e l y .  

The upper  p a r t  of t h i s  s l i d e  shows t h e  r a d i a t i o n  
f l u x e s  measured i n  deep space ,  about  f i v e  m i l l i o n  k i l o m e t e r s  
from t h e  E a r t h ,  a t  t h i s  p o i n t  a t  least ,  i n  P innee r  V. That  
is t h e  p a r t  above the  d i v i d i n g  l i n e  here. 

On t h i s  s l ide  you w i l l  see f o u r  d i f f e r e n t  t y p e s  of 
r a d i a t i o n  d i s p l a y e d  by t he  two i n s t r u m e n t s .  I n  g e n e r a l ,  t h e  
t o p  l i n e  is t h e  i o n i z a t i o n  ra te ,  and t h e  bot tom l i n e  t h e  
coun t ing  ra te .  F i r s t  of a l l ,  you see t h e  P ionee r  coming o u t  
of t he  E a r t h ' s  rad ia t ion  be l t s  and a t  t h i s  p o i n t  it is measuring 
t h e  o u t e r  Van A l l e n  r e g i o n s ,  and t h e  r a d i a t i o n  i n t e n s i t y  d rops  
r a p i d l y ,  and as t h e  P ionee r  V e s c a p e s  t h e  environment  of t h e  
E a r t h ,  t he  rad ia t ion  d rops  down t o  t h a t  l e v e l  characterist ic 
of free s p a c e ,  which is due t o  the  g a l a c t i c  cosmic r a d i a t i o n .  

T h i s  l e v e l  c o n t i n u e s  f o r  t h e  f i r s t  two weeks, as 
D r .  Simpson h a s  t o l d  you, f a i r l y  r e g u l a r l y .  

When t h i s  ve ry  a c t i v e  r e g i o n  appeared  on t h e  s u n ,  
however, many e f f e c t s  were observed .  We have p u t  h e r e  t h e  
l i t t l e  l i n e s  r e p r e s e n t i n g  impor t an t  s o l a r  e r u p t i o n s .  We have 
found t h a t  a t  least  s i x  of t h e s e  s o l a r  e r u p t i o n s  produced t h e s e  
low-energy cosmic r a y s  t h a t  w e  have obse rved  w i t h  balloons 
and w i t h  E a r t h  s a t e l l i t e s  i n  t h e  p a s t ,  and t h i s  is  t h e  t h i r d  
t y p e  of r a d i t t t i a n .  F i r s t  t h e  r a d i a t i o n  b e l t s ,  s econd ly  t h e  
g a l a c t i c  r a d i a t i o n  from cosmic r a y s ,  and t h i r d a y  t h e  s o l a r -  
produced p a r t i c l e s  or low-energy cosmic r a y s .  

We have found t h a t  most f l a r e s  on t h e  sun  g r e a t e r  
t han  what is  called C l a s s  2 by  t h e  a s t ronomers  w i l l  produce 
these cosmic r a y s  i n  v a r i o u s  i n t e n s i t i e s .  H e r e  is a l i t t l e  
b l i p  which shows a ve ry  w e a k  one ,  and here are t w o  v e r y  sub- 
- 4 t a n t i a l  e v e n t s  which o c c u r r e d  on A p r i l  1st and 5 t h  i n  t i m e -  
a s s o c i a t e d  so l a r  f l a r e s .  

W e  have s t u d i e d  t h e  c h a r a c t e r i s t i c s  of these cosmic 
r a y s  and o b t a i n e d  r a t h e r  good v a l u e s  f o r  t h e  ene rgy ,  t h e  d i s -  
t r i b u t i o n  of ene rg ie s ,  t h e  i n t e n s i t i e s ,  and so on. 

The f o u r t h  t y p e  of r a d i a t i o n  is of much softer 
q u a l i t y  and can  be i d e n t i f i e d  as X-rays ,  p r e t t y  much of the  

~ . . . .. . - . - -  " .  
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t y p e  t h k t  you f i n d  i n  a medica l  X-ray machine,  which are pro- 
duced -- and you see t h e m  i n  these i n t e r m e d i a t e  t i m e s  here -- 
by e l e c t r o n s  bombarding t h e  o u t s i d e  of  t h e  payload ,  producing  ' 

X-rays  which go i n  and then  g i v e  a response on the i n s t r u m e n t s .  

These are the  f o u r  t y p e s  of effects t h a t  w e  see and 
can i d e n t i f y .  

We have a t  t h e  same t i m e  conducted  expe r imen t s  w i t h  
b a l l o o n s  f l y i n g  ove r  t he  n o r t h - c e n t r a l  Un i t ed  S t a t e s  a t  t h e  
t o p  of t h e  a tmosphere ,  and w e  f i n d  i n  one case a t  least ve ry  
good c o r r e l a t i o n  w i t h  t h e s e  s o l a r  cosmic r a y s  a t  b a l l o o n  
l e v e l s .  

These c o s m i c  r a y s  i n  t h i s  case w e r e  of moderate 
i n t e n s i t y .  P r e v i o u s l y  w e  have measured w i t h  b a l l o o n s ,  when 
there were no sa te l l i t es  or space p robes  a v a i l a b l e ,  ve ry  in-  
t e n s e  b u r s t s  of  t h e s e  solar  cosmic r a y s  which on t h i s  scale 
would be o f f  t h e  t o p  of  t h e  c h a r t  somewhere i n  i n t e n s i t y .  

I would l i k e  t o  c a l l  your a t t e n t i o n  t o  a f a c t  t h a t  
YOU c a n ' t  see, namely ,  t h a t  t h i s  is a c o n t r a c t e d  scale. T h i s  
is  one u n i t ,  t e n  u n i t s ,  a hundred u n i t s ,  and so on. I t  is 
what w e  c a l l  a l o g a r i t h m i c  or compressed way of p r e s e n t i n g  
t h e  i n f o r m a t i o n .  

By i n f e r e n c e  now, by  comparing t h e  direct  balloon 
o b s e r v a t i o n s  made a t  t h e  same t i m e  as t h e  space  probe ,  w e  
can  conc lude  what would have been t h e  most i n t e n s e  l e v e l  of 
r a d i a t i o n  from these solar p a r t i c l e s  i n  o u t e r  space .  We f i n d  
t h a t  i t  is v e r y  i n t e n s e ,  and is  i n  t h e  r e g i o n  where d e f i n i t e  
b i o l o g i c a l  effects w i l l  be produced.  

W e  reached t h i s  c o n c l u s i o n  p r e v i o u s l y  from t h e  
b a l l o o n  measurements.  I t  is c e r t a i n l y  conf i rmed now t h a t  w e  
have an  e x a c t  c o r r e l a t i o n  between what w e  see on E a r t h  and 
what w e  see i n  free space .  

So even  though one  g e t s  o u t s i d e  of  t h e  r a d i a t i o n  
b e l t s  of  t h e  E a r t h ,  one f i n d s  s p o r a d i c a l l y ,  as a r e s u l t  of 
solar a c t i v i t y ,  i n t e n s e  r a d i a t i o n  which is v e r y  p e n e t r a t i n g  
i n  c h a r a c t e r  and which h a s  t o  be s e r i o u s l y  c o n s i d e r e d  f o r  i ts 
biological effects. 

I t  is a v e r y  f a c i n a t i n g  s c i e n t i f i c  problem t o  u n r a v e l  
t h e  s o u r c e  of these cosmic r a y s p  how t h e y  are p ropaga ted  t h r o u g h  
space .  On t h i s  t h e  P i o n e e r  is g i v i n g  a great deal of in fo rma t ion .  
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The-Ear th  s a t e l l i t e  Exp lo re r  VI1 also obse rved  both 
of  t h e s e  l a r g e  b u r s t s  of  r a d i a t i o n  as it passed  ove r  Hudson's 
Bay r e g i o n  i n  its o r b i t  around t h e  E a r t h ,  and w e  have ve ry  
s a t i s f a c t o r y  c o r r e l a t i o n  between t h e  coun t ing  i n s t r u m e n t s  i n  
t h e  P i o n e e r  V and t h e  E a r t h  s a t e l l i t e  Exp lo re r  V I I ,  and also 
the  b a l l o o n s  a t  high a l t i t u d e .  

There w a s  a ve ry  s e v e r e  geomagnet ic  d i s t u r b a n c e  - I 

t a k i n g  place a t  about  t h i s  t i m e  on March 31st, and these 
w i g g l e s  are a magnetometer r e a d i n g  on t h e  E a r t h ' s  s u r f a c e .  
T h i s  w a s  a ve ry  s e v e r e  s t o r m  which knocked o u t  r a d i o  communi- 
c a t i o n s ,  induced  v o l t a g e s  i n  submarine cables, and now w e  
have a chance a t  last  t o  see t h i s  storm i n  t r a n s i t  f rom t h e  
s u n ,  and t o  s t u d y  its p r o p e r t i e s ,  

J u s t  a f t e r  t h i s  s t o r m  -- and D r ,  O 'Brien w i l l  fill 
i n  t h e  de ta i l s  for you on t h i s  -- the  Exp lo re r  V I 1  E a r t h  
sa te l l i t e ,  which p a s s e s  th rough  t h e  o u t e r  edge of t h e  E a r t h ' s  
r a d i a t i o n  b e l t ,  s a w  a v e r y  large i n c r e a s e  i n  t h e  i n t e n s i t y  of 
t h e  Van A l l e n  e l e c t r o n s  i n  t h e  o u t e r  be l t .  T h i s  o c c u r r e d  
i n  t h e  week f o l l o w i n g  t h i s  s e v e r e  geomagnet ic  d i s t u r b a n c e ,  
which began r i g h t  h e r e .  T h i s  w a s  a ve ry  l a r g e  i n c r e a s e .  We 
have examined the  records t o  see what r a d i a t i o n  w a s  obse rved  
coming f r o m  t h e  sun  which might accoun t  f o r  t h i s .  We see 
o n l y  a r e l a t i v e l y  w e a k  i n t e n s i t y  of e l e c t r o n s  of  t h e  t y p e  
found i n  t h e  o u t e r  r a d i a t i o n  bel ts .  

The d i f f e r e n c e  i n  i n t e n s i t y  between t h e  e l e c t r o n s  
o b s e r v e d  i n  P ionee r  V i n  space  coming from t h e  sun  and t h e  
e l e c t r o n s  obse rved  i n  t h e  o u t e r  Van A l l e n  r e g i o n s  of t h e  E a r t h  
is  someth ing  l i k e  a factor  of 10,000.  There is  one e l e c t r o n  
h e r e  t o  10,000 e l e c t r o n s  added t o  t h e  o u t e r  zone. 

I t h i n k  w e  can  m a k e  a c o n c l u s i o n  from t h i s  t h a t  
t h e  p r o c e s s e s  of p roduc ing  t h e  o u t e r  r a d i a t i o n  b e l t  of t h e  
E a r t h  is n o t  due t o  t h e  i n j e c t i o n  of these p a r t i c l e s  coming 
f rom the  sun  i t se l f .  W e  feel  t h a t  t h e  material i n j e c t e d  i n t o  
t h e  E a r t h ' s  exosphe re ,  caugh t  i n  t h e  magne t i c  f i e l d ,  is of 
iiiuch lower ene rgy  and is  n o t  detected by any of  these i n s t r u -  
ments.  We f e e l  t h a t  we j u s t  have a l i t t l e  s n i f f  of i t  a t  t h e  
v e r y  h ighes t  ene rgy  end,  A f t e r  t h i s  m a t e r i a l  gets i n t o  the 
E a r t h ' s  f i e l d  i t  is  accelerated by some p r o c e s s  u n t i l  it 
a p p e a r s  as t h e  i n t e n s e  r a d i a t i o n  i n  the o u t e r  zone. 

I t h i n k  t h e  P i o n e e r  V i n  space  h a s  e n a b l e d  u s  t o  
draw c o n c l u s i o n s  of  t h i s  t y p e  because  a t  t he  s a m e  t i m e  w e  
were able t o  correlate o u r  measurements w i t h  P r o f e s s o r  Van 
A l l e n ' s  group on t h e  E a r t h P s  s a t e l l i t e ,  Exp lo re r  V I I .  

... . . .  , 
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Thank you. 

MR. GOETT: Thank you, D r .  Winckler.  

As h a s  been mentioned a coup le  of t i m e s ,  w e  are 
f o r t u n a t e  t h a t  E x p l o r e r  V I 1  is  i n  an  E a r t h ' s  o r b i t  d u r i n g  
t h e  same t i m e  t h a t  P i o n e e r  V is o u t  i n  space .  So, i n  view 
of t h e  close r e l a t i o n s h i p  between t h e  d a t a  o b t a i n e d  on 
E x p l o r e r  V I 1  and P i o n e e r  V,  w e  have asked D r .  B r i a n  O 'Br ien ,  
of t h e  U n i v e r s i t y  of  Iowa, t o  d i s c u s s  t h e s e  r e s u l t s .  

. .  , . ._ 
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DR. O'BRHEN: The i n f o r m a t i o n  I w i l l  p r e s e n t  comes 
from s t u d i e s  by s e v e r a l  members of t h e  g r o u p  a t  t h e  S t a t e  
U n i v e r s i t y  of Iowa. Dr. Van A l l e n  i n  p a r t i c u l a r  h a s  been 
s t u d y i n g  t h e  e v e n t s  i n  l a t e  March a n d  e a r l y  A p r i l ,  and cor- 
r e l a t i n g  w i t h  P i o n e e r  V r e s u l t s ,  

I n  case you h a v e n P t  got  t h e  i n f o r m a t i o n  a b o u t  t h e  
E x p l o r e r  V I 1  s a t e l l i t e  r e a d i l y  a t  h a n d ,  1 w i l l  j u s t  men t ion  
t h a t  i t  is o r b i t i n g  between 51 degrees geographic n o r t h  and  
51 degrees s o u t h .  Its a l t i t u d e  is b e t w e e n  350 miles a n d  
a b o u t  '700 miles. 

Even s o ,  j u s t  a s  a s a t e l l i t e  is bound t o  t h e  E a r t h ,  
w h i l e  P i o n e e r  V of c o u r s e  is r e l a t i v e l y  free, w e  c a n  s t u d y  t h e  
e f fec ts  o f  t h e  p a r t i c l e s  s u r r o u n d i n g  t h e  E a r t h  i n  t h e  o u t e r  
r a d i a t i o n  b e l t  o n c e  t h e y  a r e  a f f e c t e d  by t h e  E a r t h ' s  m a g n e t i c  
f i e l d  whereas P i o n e e r  V s t u d i e s  them i n  i n t e r p l a n e t a r y  s p a c e  
when t h e y  a r e  a g a i n  q u i t s  free a n d  o n  their way t o  t h e  E a r t h .  

I am g o i n g  t o  t a l k ,  a s  D r .  Winckler d i d ,  a b o u t  three 
d i f f e r e n t  t y p e s  of pa r t i c l e s  which w e  detect ,  a n d  w e  s t a r t  
from t h e  most Ea r th -bound  o u t e r  r a d i a t i o n  b e l t .  The par t ic les  
here a re  e s s e n t i a l l y  l o w  e n e r g y  e l e c t r o n s ,  a r o u n d  a b o u t  one 
h u n d r e d  t h o u s a n d  e l e c t r o n  v o l t s .  The s e c o n d  g r o u p  I w i l l  t a l k  
a b o u t  a re  s l i g h t l y  h i g h e r  e n e r g i e s ,  these a r e  assoc ia ted  w i t h  
t h e  Sun .  These  a r e  what  w e  c a l l  s o l a r  p r o t o n s ,  a n d  w e  c a n  see 
them if t h e y  h a v e  energies  atrev= th i , "%y m i l l i o n  e l e c t r o n  v o l t s .  

And a l s o  I altl g:"j.~~g t o  t a l k  a b o u t  what a r e  c a l l e d  
g a l a c t i c  cosmic r a y s .  These  a r e  higher  e n e r g i e s  s t i l l ,  
energies i n  e x c e s s  of o n e  b i l l i o n  e l e c t r o n  v o l t s .  

F i r s t l y ,  t h e  o u t e r  r a d i a t i o n  z o n e ,  d u r i n g  t h e  q u i e t  
p e r i o d  which  D r .  Winckler a n d  D r ,  S impson h a v e  m e n t i o n e d ,  t h e  
o u t e r  r a d i a t i o n  b e l t ,  as s e e n  by E x p l o r e r  VII, w a s  c o u n t i n g  
along w i t h  a maximum c o u n t i n g  r a t e  t h a t  r a n  a b o u t  t w o  h u n d r e d  
c o u n t s  per s e c o n d  i n  a f a i r l y  l i g h t l y  s h i e l d e d  Geiger c o u n t e r  
o n  E x p l o r e r  V I I .  T h i s  v a l u e  of t w o  h u n d r e d  a s e c o n d  h e l d  
f a i r l y  s t e a d y  fo r  a c o u p l e  o f  weeks. 

Then o n  t h e  31st of March t h e  c o u n t i n g  r a t e  s u d d e n l y  
went  down when t h e  peak m a g n e t i c  storm came, a n d  t h e  c o u n t i n g  
ra te  was a t  most down t o  t e n  c o u n t s  a s e c o n d .  T h a t  is from 
t w o  hundred  down t o  t e n ,  a n d  i t  s t a y e d  l o w  f o r  some h o u r s .  
Then g r a d u a l l y  i n  a per iod of t h e  n e x t  week i t  b u i l t  u p  u n t i l  
w e  were c o u n t i n g  s o m e t h i n g  l i k e  t e n  t h o u s a n d .  T h i s  is a r o u n d  
about  A p r i l  7 or A p r i l  8 t h a t  i t  was c o u n t i n g  a t  t e n  t h o u s a n d  
c o u n t s  per s e c o n d ,  a n d  t h e n  i t  g r a d u a l l y  decayed  s l o w l y  a f t e r  
t h a t ,  So t h e  three f i g u r e s  are t w o  h u n d r e d  a s e c o n d  p r e - s t o r m ,  
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less t h a n  t e n  d u r i n g  t h e  storm, and greater t h a n  t e n  thousand 
a f t e r  the storm,  

As D r ,  Winckler s a i d ,  s i n c e  a ve ry  s i m i l a r  c o u n t e r  
on Pionee r  V saw ve ry  small  f l u c t u a t i o n s  of s i m i l a r  e l e c t r o n s  
i n  o u t e r  s p a c e ,  w e  c o n j e c t u r e  four t h i n g s :  F i r s t ,  t h a t  t h e  
m i l d  b u r s t  of a c t i v i t y  which  was observed  by Dr. Winckler ,  
a t  a l , ,  on P i o n e e r  V ,  r e p r e s e n t e d  t h e  d i r e c t  d e t e c t i o n  of 
t h e  incoming plasma c l o u d ,  

Secondly ,  w e  c o n j e c t u r e  t h a t  t h e  energy  d i s t r i b u t i o n  
of p a r t i c l e s  i n  t h i s  plasma was such  t h a t  i t  was d e t e c t e d  by 
Dr, Winck le r ' s  c o u n t e r  w i t h  ve ry  low e f f i c i e n c y  indeed ,  

T h i r d l y ,  w e  s u g g e s t  t h a t  a p o r t i o n  o f  t h i s  plasma 
e n t e r e d  t h e  magnet ic  f i e l d  of  t h e  E a r t h ,  somehow d i s r u p t e d  
i t  s o  t h a t  t h e  t r a p p e d  r a d i a t i o n  which was fo rmer ly  there was 
dumped i n t o  t h e  atmosphere, c a u s i n g  t h e  l o w  l a t i t u d e  a u r o r a  
which  w e  o b s e r v e d .  

And f o u r t h  and f i n a l l y ,  w e  would c o n j e c t u r e  t h a t  
t h e  g r e a t  subsequen t  i nc rease  in c o u n t i n g  r a t e  w a s  due  t o  a 
l o c a l  acce l e ra t ion  i n  t h e  v i c i n i t y  o f  t h e  E a r t h  of a p o r t i o n  
of t h e  t r a p p e d  plasma, T h i s  acce le ra t ion  was of s u f f i c i e n t l y  
high ene rgy  t h a t  o u r  c o u n t e r s  c o u l d  t h e n  detect  i t .  I would 
l i k e  t o  emphasize a g a i n ,  D r ,  Winckler has  a c o u n t e r  which sees 
s l i g h t l y  lower energy  p a r t i c l e s  t h a n  w e  do  w i t h  one of o u r s ,  

Next I w a n t  t o  t a l k  abou t  t h e  second g roup  of 
p a r t i c l e s ,  and t h a t  is t h e  g roup  which a r e  c l a s s i f i e d  a s  
s o l a r  p r o t o n s ,  Cont inuous watch  is b e i n g  k e p t  for these w i t h  
E x p l o r e r  V I 1  when E x p l o r e r  V I 1  moves t o  t h e  most n o r t h e r l y  and 
s o u t h e r l y  l a t i t u d e s ,  Nor th  America and s o u t h  of A u s t r a l i a .  We 
c a n  o n l y  p i c k  them up  when t h e  o u t e r  zone is f a i r l y  low and 
d o z s n ' t  i n c r e a s e  t h e  c o u n t i n g  r a t e  a t  these v e r y  h igh  l a t i t u d e s .  

On s e v e r a l  o c c a s i o n s  since l a u n c h  s o l a r  p r o t o n s  have 
beet; d e t e c t e d .  I am o n l y  going to mention t h e  o c c a s i o n s  around 
t h e  f i r s t  of A p r i l ,  and  t h e  f i f t h  of A p r i l ,  which a r e  associated 
w i t h  Dr, Winck le r ' s  and D r ,  Simpson's  s o l a r  p ro tons .  

A t  1018 th rough  t o  1028 U n i v e r s a l  Time o n  the first  
of A p r i l  w e  d e t e c t e d  a t  t h e  h i g h e s t  l a t i t u d e s  c o u n t i n g  ra tes  
which were of s o l a r  p r o t o n s  which were t h i r t y  times i n  excess 
of t h e  n o r m a l  cosmic r a y  r a t e , ,  On t h e  n e x t  pass  a round ,  abou t  
two hours  l a t e r ,  t h e  r a t i o  is abou t  s e v e n  t o  one, and by t h e  
nex t  day i t  was down t o  less t h a n  a h a l f ,  

On t h e  5 t h  o f  A p r i l  also we saw a r a t h e r  smaller 
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i n c r e a s e ,  roughly  a two-fold i n c r e a s e ,  

We a r e  hope fu l  t h a t  by s t u d y i n g  t h e  v a r i a t i o n s  i n  
t h e  so l a r  p r o t o n  f l u c t u a t i o n s  as t h e  s a t e l l i t e  moves t o  l o w  
energy  i n  magnet ic  l a t i t u d e s  t h a t  w e  can e x t r a c t  some sort 
of i n f o r m a t i o n  abou t  t h e  energy  spec t rum o f  t h e  s o l a r  p r o t o n s .  

And l a s t l y  I w a n t  t o  mention t h e  g a l a c t i c  cosmic 
r a y s ,  the e f f e c t s  t h a t  w e  n o t i c e d  o n  t h e  s a t e l l i t e ,  assoc ia ted  
w i t h  what is ca l l ed  t h e  Forbush decrease,  Na tu re  w a s  r a t h e r  
k i n d  on t h i s  o c c a s i o n ,  We c a n  o n l y  detect  cosmic r a y s  a t  
ve ry  h i g h  l a t i t u d e s  i f  there is no  t r apped  r a d i a t i o n .  S i m i l a r l y  
so w e  can  on ly  detect  s o l a r  p r o t o n s  i f  there is ve ry  l i t t l e  
t r a p p e d  r a d i a t i o n .  

The t r apped  r a d i a t i o n  was e l i m i n a t e d  o n  t h e  31st of 
March. We t h e n  saw t h e  Forbush decrease which was s e e n  by t h e  
P ionee r  V i n s t r u m e n t s  a s  w e l l ,  

Once w e  had a chance t o  s t u d y  t h a t  i n  a c o u p l e  of 
passes ,  t h e  s o l a r  p r o t o n s  came i n ,  and w e  had a chance  t o  
s t u d y  those ,  a n d  t h e n  i t  g r a d u a l l y  b u i l t  up t o  150,000 c o u n t s  
a second.  So I t h i n k  a l l  i n  a l l  w e  a r e  exceed ing ly  f o r t u n a t e  
i n  a combina t ion  of c i r c u m s t a n c e s  here, I would l i k e  t o  
re inforce  what D r ,  Winckler  s a i d ,  t h a t  s imply  because  w e  had 
t h e  Earth-bound s a t e l l i t e  o r b i t i n g  around a t  t h e  same time a s  
w e  had t h e  space probe, w e  a r e  a b l e  f o r  t h e  f i r s t  time t o  see 
what  is coming i n  and  what is a c t u a l l y  happening around t h e  
v i c i n i t y  of t h e  E a r t h .  

Thank you,  

MR. GOETT: Thank you,  D r ,  O 'Br ien ,  

D r  e Char les  S o n e t t  of Space Technology L a b o r a t o r i e s ,  
w i . 3 1  describe f o r  us t h e  r e s u l t s  of t h e  magnetometer experiment. 

DR. SONETT; Before summarizing t h e  r e s u l t s  of t h e  
mag+&etometer exper iment  ca r r i ed  o n  P i o n e e r  V, I would l i k e  t o  
corn 3 n t  o n  why s u c h  measurements a r e  of s c i e n t i f i c  i n t e r e s t .  

I t  is n o t  c l e a r  what p e r c e n t a g e  of t h e  ene rgy  of  t h e  
u n i v e r s e  is c o n t a i n e d  i n  magnet ic  f i e l d s ,  b u t  there may be a 
s i g n i f i c a n t  p o r t i o n  of t h e  t o t a l  energy  c o n t e n t  stored i n  t h i s  
manner, A number of a s t r o p h y s i c a l  processes, pe rhaps  most of 
t h e m ,  a re  connec ted  w i t h  t h e  behav io r  of magnet ic  f i e l d s .  

An example of a process which is n o t  p u r e l y  a s t r o p h y s i c a l  
b u t  is r e f e r e n c e d  more t o  t h e  E a r t h  is t h e  Van A l l e n  r a d i a t i o n .  
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T h i s  r a d i a t i o n ,  f o r  example,  would no t  e x i s t  except f o r  t h e  
t r a p p i n g  p r o p e r t y ,  the magnet ic  t r a p p i n g  p rope r ty  of t h e  
E a r t h ' s  f i e l d ,  I t h i n k  w e  c a n  see t h a t  t h e  s t u d y  of  t h e  
magnetic properties of median around t h e  E a r t h  a n d  i n  i n t e r -  
p l a n e t a r y  s p a c e  a r e  of d i r ec t  consequence i n  t h e  s t u d y  of 
plasma, One can cons ider  i n  f a c t  a magnetometer f l i g h t  a s  
a plasma d i a g n o s t i c  t o o l ,  

I n  regard t o  t h e  P i o n e e r  V exper iment  i t se l f  
t h i s  w a s  a c o n t i n u a t i o n  of t w o  expe r imen t s  wh ich  w e r e  
c a r r i e d  o u t  beforehand,  t h e  f irst  one b e i n g  o n  P ionee r  I ,  
a n d  t h e  second one b e i n g  o n  E x p l o r e r  VI, The equipment 
was changed s l i g h t l y  b u t  b a s i c a l l y  t h e  same t y p e  of 
magnetometer was c a r r i e d .  I would l i k e  t o  s t a r t  on t h e  
P i o n e e r  V f l i g h t  going o u t  from t h e  E a r t h ,  

W e  have r e a s o n a b l e  conf idence  now t h a t  w e  c a n  
d i v i d e  t h e  r e g i o n s  of space around the  E a r t h .  The d i s t a n c e  
o u t  from t h e  s u r f a c e  of t h e  E a r t h  t o  perhaps  f i v e  o r  s e v e n  
r a d i i  seems t o  have f a i r l y  r e g u l a r  propert ies .  True  i t  
changes i n  times of magnetic storm, But w e  d o n ' t  seem t o  
see changes l a r g e r  t h a n  a f a c t o r  of two., 

We d o n ' t ,  for exampley from E x p l o r e r  VII, see t h e  
c l a s s i c a l  r i n g  c u r r e n t  which e x i s t s  i n  storm times, T h i s  is 
ve ry  p u z z l i n g .  When w e  go out p a s t  t h i s  r e g i o n  w e  r u n  i n t o  
something which  has been p o s t u l a t e d  f o r  perhaps a h a l f  c e n t u r y .  
But on  t h e  o t h e r  hand t h e r e  has  been  no e x p e r i m e n t a l  ev idence .  

T h i s  is a r i n g  c u r r e n t .  On E x p l o r e r  V I  t h e  o r b i t  
was des igned  i n  such  a manner t h a t  t h e  apogee ,  t h a t  is t h e  
i a r t h e s t m o s t  po r t ion  of t h e  o r b i t ,  o c c u r r e d  on  t h e  n i g h t  
s i d e ,  n o t  q u i t e  a t  midnight ;  somewhere between dusk  and mid- 
xjight,  And r e p e a t e d l y  t h e  v e h i c l e  passed through t h e  apogee 
r r - g i o n  a t  abou t  8 : O O  t o  9 : O O  p-m,  l o c a l  t i m e  on t h e  s a t e l l i t e .  

Each t i m e  t h a t  t h e  v e h i c l e  pas sed  t h r o u g h ,  or 
a l1 : : t~ t  e v e r y  t i m e ,  there wa.s 8 Barge anomaly i n  t h e  f i e l d ,  which 
I w ; l l  E h o w  you on  a n o t h e r  c h a r t  

So from t h e s e  d a t a ,  from E x p l o r e r  V I ,  we were a b l e  
t o  deLermine t h a t  there w a s  a large c u r r e n t  s y s t e m  f l o w i n g  on  
t h e  n i g h t  s i d e  of t h e  E a r t h ,  When w e  f l e w  t h e  P i o n e e r  V f l i g h t  
w e  g o t  t h e  same s o r t  of p e r t u r b a t i o n s  i n  t h e  f i e l d  i n  t h e  day- 
t i m e ,  o r  approx ima te ly  3 : O O  p . m . #  3r approx ima te ly  45  degrees 
from t h e  E a r t h ' s  Sun l i n e  
c loses  i n  a n  a n n u l a r  manner around t h e  E a r t h ,  

W e  know now t h a t  t h e  c u r r e n t  s y s t e m  

I t  looks someth ing  l i k e  t h i s ,  I t  is c e n t e r e d ,  a t  

, . . .  
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l e a s t  on  t h e  p r e l i m i n a r y  model c a l c u l a t i o n s ,  a t  some t e n  E a r t h  
r a d i i  f rom t h e  center of t h e  E a r t h  a n d  60,000 kilometers f rom 
t h e  c e n t e r  o f  t h e  E a r t h .  I ts  e x t e n t  is some t h r e e  E a r t h  
r a d i i ,  w i t h  t h e  r a d i u s  of t h e  c i r c l e  a r o u n d  i t .  

T h i s  c u r r e n t  f l o w s ,  p r e l i m i n a r y  c a l c u l a t i o n s  
i n d i c a t e ,  s o m e t h i n g  of  t h e  order of  f i v e  m i l l i o n  amperes 
t o t a l  c o n t e n t .  The r e s u l t  of t h i s  l a r g e  c u r r e n t  is t h a t  t h e  
norma l  d ipo le  f i e l d  of t h e  E a r t h  is h i g h l y  p e r t u r b e d  i n  t h e s e  
r e g i o n s ,  a n d  i n  f a c t  does n o t  h a v e  a c l a s s i c a l  form a t  a l l .  

So t o  g i v e  you a n  i d e a ,  j u s t  f o r  a moment, o f  t h e  
t y p e  of t h i n g  t h a t  was s e e n  o n  E x p l o r e r  V I - w e  w i l l  t h e n  
l e a d  u p  t o  P i o n e e r  V - I  show you t h i s  t o  snow you t h e  s i m i -  
l a r i t y  b e t w e e n  t h i s  a n d  P i o n e e r  V.  

A t  t h e  region o f  some t h i r t y  t o  f i f t y  t h o u s a n d  
kilometers on  many d a y s  t h e r e  is a d e c r e a s e  i n  t h e  f i e l d ,  t h e  
b lack  d o t s  b e i n g  t h e  decrease i n  t h e  f i e l d ,  t h e  b lack  l i n e  
b e i n g  t h e  e x p e c t e d  v a l u e  of t h e  m a g n e t i c  f i e l d  a s  seen by t h e  
v e h i c l e .  

The model c a l c u l a t i o n s  w e  h a v e  made is t h e  r e d  l ine  
a n d  seems t o  f i t  t h e  p o i n t s  r a t h e r  w e l l  c o n s i d e r i n g  t h e  simple 
model t h a t  was u s e d .  T h e r e  is a n o t h e r  i n s t r u m e n t  c a r r i e d  o n  
E x p l o r e r  V I  wh ich  g i v e s  a n  a n g l e  a s s o c i a t e d  w i t h  t h e  f i e l d ,  
a n d  a g a i n  t h e  d e v i a t i o n s  were n o t e d ,  a s  much a s  a h u n d r e d  
d e g r e e s  f r o m  t h e  e x p e c t e d  d i r e c t i o n  o f  t h e  f i e l d ,  a n d  a g a i n  
t h e  model c a l c u l a t i o n  f i t s  t h a t ,  so  w e  h a v e  t w o  p i e c e s  o f  
e v i d e n c e  f r o m  E x p l o r e r  V I  i n d i c a t i n g  a l a r g e  c u r r e n t  s y s t e m .  

On t h e  Pioneer V f l i g h t  o n  t h e  way o u t ,  w e  got  
a p p r o x i m a t e l y  t h e  same t y p e  o f  s i g n a t u r e ,  T h e r e  is some 
d i f f e r e n c e ,  t o  be s u r e .  The f i e l d  is d e p r e s s e d ,  35,000 k i l o -  
meters f r o m  t h e  c e n t e r  o f  t h e  E a r t h ,  c r o s s e d ,  a n d  became 
larger t h a n  no rma l .  The r i n g  f l o w s  i n  a westward d i r e c t i o n .  
I t  s u b t r a c t s  f r o m  t h e  E a r t h s s  f i e l d  o n  t h e  i n t e r i o r  s i d e  o f  
t h e  r i n g .  I t  a d d s  t o  t h e  E a r t h ' s  f i e l d  o n  t h e  e x t e r i o r  s i d e  
of t h e  r i n g .  So you see t h i s  k i n d  of b e h a v i o r ,  

A g a i n  t h i s  is s i m i l a r  t o  t h e  s o r t  of b e h a v i o r  seen 
o n  E x p l o r e r  VI. T h i s  is now o n  t h e  d a y t i m e  s i d e .  The r i n g  
closes i n  a n  a n n u l a r  manner ,  I n  f a c t  t h e  model c a l c u l a t i o n s  
u s e d  i n  E x p l o r e r  V I  seem t o  f i t  r a t h e r  w e l l  w i t h  t h e  P i o n e e r  
V d a t a .  

I might  add t h i s  r i n g  c u r r e n t  seems t o  be a q u i e t  



de01 
22 

d a y  phenomena.  We see i t  o n  almost e v e r y  q u i e t  d a y .  W e  see i t  
o n  almost a l l  t h o  d a y s  f o r  which  w e  h a v e  r e d u c e d  d a t a  f r o m  
E x p l o r e r  VI. P i o n e e r  V f l e w  a t  t h e  t a i l  e n d  of a m a g n e t i c  
storm, The  E a r t h ' s  f i e l d  was r e t u r n i n g  t o  norma l .  Aga in  w e  
saw i t ,  

A n o t h e r  t h i n g  t h a t  was s e e n ,  t h i s  on P i o n e e r  I ,  was 
some v e r y  p e c u l i a r  waves  i n  the m a g n e t i c  f i e l d ,  The con-  
s e q u e n c e s  of t h e s e  waves  w e  d o n ' t  u n d e r s t a n d  y e t .  I t  is a 
r a t h e r  i n v o l v e d  t h e o r e t i c a l  problem But  these waves  were 
s e e n  from some t w e l v e  t o  f o u r t e e n  E a r t h  r a d i i ,  f a r  beyond t h e  
p o i n t  t h a t  the E a r t h ' s  f i e l d  s h o u l d  h a v e  t e r m i n a t e d ,  according 
t o  present estimates of s u c h  t h i n g s  a s  t h e  s o l a r  w i n d ,  w h i c h  
would  b l o w  the f i e l d  i n ,  Aga in  w e  see t h e  same k i n d  of s t r u c -  
ture o n  P i o n e e r  V ,  A g a i n  i n  a p p r o x i m a t e l y  t h e  same reg ion .  

So t o  re i te ra te  t h e  s t a t e m e n t  a b o u t  t h e  c o l l a p s e  of 
t h e  f i e l d  or where  t h e  f i e l d  t c r a i n a t e s ,  where  t h e  E a r t h ' s  
f i e l d  meets the i n t e r p l a n e t a r y  f i e l d ,  i t  does a p p e a r  t h a t  a t  
l e a s t  o n  inany d a y s  the f i e l d  trrrrninates i n  s o m e t h i n g  of t h e  
order of f o u r t e e n  r a d i i  r a f h c r  t h a n  t h e  c l a s s i c a l  six t o  
e i g h t  r a d L i  t h a t  h a s  W e n  assuicrd a t  p r e s e n t .  

When we go out r n t o  the i n t e r p l a n e t a r y  f i e l d  -- 
these a r e  measu remen t s  made a n a y  o n  P i o n e e r  V -- t h e r e  a r e  t w o  
d i s t i n c t  t y p e s  of t h i n g s  t h a t  we h a v e  s e e n  The f i r s t ,  t h e  
q u i e t  d a y  phenomena,  and  t h c u  1 w i l l  go t o  t h e  storm phenomena 
t h a t  you  see here.. 

As f a r  a s  q u i e t  d a y  phenomena is c o n c e r n e d ,  t h e r e  is 
d e f i n i t e  e v i d e n c e  by now -- t h e  v e h i c l e  has  b e e n  i n  o r b i t  a b o u t  
t h e  Sun  f o r  a s u f f i c i e n t l y  l o n g  per iod o f  time -- w e  h a v e  
d e f i n i t c  evidence t h a t  there i s  a s t e a d y  f i e l d  i n  space. T h i s  
is n o t  surprising, B u t   hat 4s s u r p r i s i n g  about i t  is t h a t  i t  
seems t h a l  t h i s  s t e a d y  iifld riiakes a l a rge  a n g l e  w i t h  t h e  o r b i t  
of t h e  E a r t h ,  T h a t  i s ,  w i t h  t h e  p l a n e  of t h e  e c l i p t i c .  T h i s '  
is t h e  p 1 a t - i ~ ~  w h i c h  c o n t a i n s  tqhe o i b i t  of t h e  E a r t h  a b o u t  t h e  
S u n .  T h i s  is soniewhat s u r p r a s i t i g  i n  view o f  other  t h i n g s  t h a t  
must  h a p p e n  i n  t h e  i n t e r p l a n e l a x y  medium w i t h  r e g a r d  t o  plasma 
i n  p a r t i c u l a r .  

So much f o r  qu ie t  day f i e l d  One more comment about 
t h i s  We c a n  o n i y  c o n j e c t u r e  a s  t o  where t h i s  f i e l d  o r i g i n a t e s .  
One p o s s i b i l i t y  of C O L I Z S C  i s  t h a t  i t  is a g a l a c t i c  f i e l d ,  per- 
m e a t i n g  t h c  s o l a r  sy ' i fen i  T h c i e  a r c  s e r i o u s  o b j e c t i o n s  t o  t h i s  
notion however  Z n  f a c t  t h e r e  a r e  ser,io.rls o b j e c t i o n s  t o  making 
t h i s  f i e l d  ~ J C C - W  An any w a y  t h a t  we c a n  t h i n k  of now; 
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As f a r  a s  the storm time field is c o n c e r n e d ,  t h i s  is 
p e r h a p s  o n e  of t h e  most i n t e r e s t i n g  t h i n g s  t h a t  w e  h a v e  s e e n .  
T h e r e  is d i r e c t  c o r r e l a t i o n  be tween  the h a p p e n i n g s  i n  space,  
some three m i l l i o n  kilometers froin the E a r t h ,  a n d  what h a p p e n s  
o n  t h e  E a r t h .  There i s  i n  f a c t  a p r o p o r t i o i m l i t y  between t h e  
e f f e c t s  o n  t h e  E a r t h  and t h e  ef fects  i n  space .  

Thcvc is no c v i d e n c c  Trom E x p l o r c r  V I  t h a t  a r i n g  
c u r r e n t  flows d u r i n g  storin times. T1i-i:; (tocts riot r u l e  o u t  the 
p o s s i b i l i t y  t h i \ t  i l  y i i g  doc.; c x i s  t C ~ I I I ' ~ . I I ~  :;torn1 tiincs and 
s u p p l f o s  thc dec !reasc  i t 1  1 . 1 1 ~  f i c l d  t h n L  i s  i iow c l a s s i c a l l y  
noted, I-lowcvcr , we h a v e  riot  s e o n  i t .  

(61 i  IC:. j 



w e  see t h a t  t h e  P i o n e e r  V f l i g h t  has done t w o  t h i n g s :  I t  has 
corroborated and ex tended  da ta  t h a t  has been  o b t a i n e d  from t h e  
P i o n e e r  I ,  and E x p l o r e r  V I  f l i g h t s ,  and i n  a d d i t i o n  t o  t h a t  i t  
h a s  s u p p l i e d  new and v a l u a b l e  i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  
i n t e r p l a n e t a r y  medium i t s e l f ,  

Thank you. 

MR. GOETT: Thank you,  I)r Sotiett 

Now M r .  Maurice Dubin, of NASA Headquarters, w i l l  
d e s c r i b e  t o  u s  t h e  r e s u l t s  of t h e  micrometeorite expe r imen t s .  

. .  . 
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MR, DUBIN: T h i s  is  a d i f f e r e n t  t y p e  of exper iment  
t h a t  I s h o u l d  be d e s c r i b i n g .  I n  t h i s  exper iment  t h e  exper iment  
w a s  des igned  t o  measure t h e  s o l i d  component of material i n  
i n t e r p l a n e t a r y  space. W e  c a l l  t h e s e  micrometeorites. W e  a l s o  
c a l l  i t  mic rodus t .  

The exper iment  is a c o n t i n u a t i o n  of ear l ier  expe r imen t s  
beg inn ing  w i t h  E x p l o r e r  I ,  S o m e  measurements have been m a d e  on 
s a t e l l i t e s  around t h e  E a r t h ,  on v a r i o u s  s a t e l l i t e s ,  and a lso 
deep  s p a c e  p robes  l i k e  P i o n e e r  I .  

The p a r t i c u l a r  exper iment  i s  a j o i n t  exper iment  
beg inn ing  a t  t h e  A i r  Force  Cambridge Research Cen te r  and con- 
t i n u i n g  w i t h  them, when some of t h e  peop le  who were invo lved  
t r a n s f e r e d  to  NASA. 

The t y p e  of exper iment  is such  t h a t  t h e  s m a l l  d u s t  
is measured by  d e t e c t i n g  t h e  a c o u s t i c a l  v i b r a t i o n s ,  t h e  v i b r a -  
t i o n s  on impact of t h e  s u r f a c e  of t h e  meteorite. A s p e c i a l  
p l a t e  is c a l i b r a t e d ,  u s i n g  a p i e z o - e l e c t r i c  c r y s t a l ,  or micro- 
phone, f e d  i n t o  a n  a m p l i f i e r  and t h e n  f e d  i n t o  t h e  t e l e b i t  
u n i t  for s t o r i n g  t h e  i n f o r m a t i o n ,  

Two l e v e l s  are recorded on t h e  t e l e b i t  u n i t ,  The 
one l e v e l ,  assuming a momentum dependence and a v e l o c i t y  of 
30 ki lometers  p e r  s econd ,  s h o u l d  detect p a r t i c l e s  as s m a l l  
as lo-'' grams, The second l e v e l ,  or t h e  "bf1 l e v e l ,  would 
d e t e c t  p a r t i c l e s  rough ly  t e n  t i m e s  t h e  m a s s  of t h e  "a" l e v e l .  

If you have handy your p r e s s  release, on Page 3 
t h e r e  is a t a b l e  which describes t h e  r e s u l t s  of the  count  
on P i o n e e r  V. T h i s  is t h e  p r e s s  release t i t l e d  "Pioneer  V 
Micrometeorite Measurement, 60-18OeqV 

The first date l i s ted  is 11 March, w i t h  t h e  t i m e  
rough ly  abou t  l a u n c h ,  showing t h e  "a" and "b" scales, The 
numbers here are coded and t h e  "a" scale is a measure of t h e  
count  a t  t h e  t i m e  g i v e n ,  By s u b t r a c t i n g  t h a t  f rom a la ter  count  
one  g e t s  a s c a l i n g  fac tor  f o r  t h e  "a" c o u n t ,  That  number is 
m u l t i p l i e d  by four t o  g e t  t h e  a c t u a l  c o u n t ,  

The "b" scale is done i n  a s i m i l a r  f a s h i o n ,  Whereas 
t h e  rta.tr scale recycles a t  127 t o  000, t h e  %" scale recycles 
a f t e r  7 t o  0, and t h e  s c a l i n g  factor fo r  t h e  "b" u n i t  is 2,  

Not ing  t h a t ,  one n o t e s  t h a t  f r o m  t h e  1 1 t h  of March 
t o  t h e  1 4 t h  of March there is no chapge whatever  on t h e  
count.er.  T h i s  would mean t h a t  on t h e  "a" scale three or less  
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impacts were r e c o r d e d  on t h e  v e h i c l e  f o r  t h e  f i r s t  t h r e e  and 
one  ha l f  d a y s ,  

On t h e  1 4 t h  of  March, about  36 seconds  a f t e r  t h e  
l a s t  r e a d i n g  g i v e n ,  t h e  "a" scale changed t o  a v a l u e  of 127. 
T h i s  r e p r e s e n t s ,  w i t h  a s c a l i n g  f a c t o r  of 4 ,  328 i m p a c t s  i n  
a p e r i o d  of o n l y  36  seconds .  T h i s  is r e a l l y  u n t e n a b l e  i n  t h e  
p h y s i c a l  s e n s e  and g i v e s  one  t h e  f e e l i n g  t h a t  p o s s i b l y  t h e  
equipment is n o t  f u n c t i o n i n g  c o r r e c t l y ,  

Fol lowing  t h a t ,  f o r  t h e  n e x t  s i x  d a y s ,  t o  t h e  2 0 t h  
of March, no more impac t s  were r e c c r d e d ,  

On t h e  20th. of March t h e r e  is a r e c y c l i n g  o f  t h e  
? l a w  scale ,  r e a d i n g  000, which i s  a g a i n  e q u i v a l e n t  t o  up t o  
f o u r  impacts .  

Beginning  on  t h e  2 7 t h  of March, s even  days  later -- 
i n  t h e  seven-day i n t e r v a l  a g a i n  no c o u n t s ,  meaning less t h a n  
f o u r  impac t s ,  were reco rded .  The c o u n t e r  b e g i n s  c o u n t i n g  
f o r  t h e  n e x t  few d a y s ,  That  is th rough  t h e  2 9 t h  of  March. 

Here, i f  e v e r y t h i n g  is working s a t i s f a c t o r i l y ,  a n  
impact  r a t e  of 1 , 5  X p e r  s q u a r e  m e t t e r s  p e r  second w a s  
r e c o r d e d .  

Subsequent  t o  t h a t ,  t h e  "b" scale, t h e  l a r g e r  
p a r t i c l e s ,  went t h r o u g h  a number of  i m p a c t s ,  showing between 
13 and 15 impac t s  i n  a v e r y  s h o r t  t i m e ,  and  t h e n  on t h e  1 8 t h  
of A p r i l  t h e r e  w a s  t h i s  o t h e r  c a t a s t r o p h i c  e v e n t  o f  a l a r g e  
number o f  i m p a c t s  on t h e  "a" scale.  Something of t h e  o r d e r  
o f  500 impac t s  o c c u r r e d .  

The o v e r a l l  c o n c l u s i o n  from t h i s  i s  t h a t  t h e r e  i s  
s e r i o u s  doubt  as t o  t h e  o p e r a t i o n  of t h e  equipment ,  and i n  
p a r t i c u l a r  because  t h e  d i f f e r e n c e  i n  impact  ra tes  compared 
t o  t h e  d e s i g n  c r i t e r i a  and t h e  earlier measurements t h a t  w e  
have lead t o  t h e  s i t u a t i o n  t h a t  t h e  i n f o r m a t i o n  t o  d a t e  would 
have  t o  be d i s c o u n t e d  on s c i e n t i f i c  grounds ,  

I t h i n k  t h a t  is a l l  I have t o  s a y  on i t .  

MR, GOETT: Tha t  c o n c l u d e s  our  fo rma l  p r e s e n t a t i o n .  
I w i l l  t u r n  i t  back t o  you, H e r b ,  f o r  q u e s t i o n s .  

MR. ROSEN: L a d i e s  and gent lemen,  w e  have been a t  it 
f o r  an  hour  and twe lve  minu tes .  We now throw i t  open t o  t h e  
f l o o r  f o r  q u e s t i o n s  and answers ,  
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QUESTION: I wonder if D r .  Winckler c o u l d  g ive  u s  
a n  idea of  t h e  i n t e n s i t y  i n  r o e n t g e n s  p e r  hour  of t h i s  radia- 
t i o n  t h a t  h e  mentioned. 

DR. WINCKLER: 3etween f i v e  and f i f t y  is i n f e r r e d .  
The d i r e c t l y - o b s e r v e d  e v e n t  was abou t  f o r t y  m i l l i - r o e n t g e n s  
p e r  hour  i n  P i o n e e r  V. The p r e f e r r e d  v a l u e  i s  f o r  t h e  m o s t  
i n t e n s e  e v e n t  w e  know o f ,  which o c c u r r e d  l a s t  Ju ly .  

QUESTION: Is t h a t  h i g h e r  t h a n  t h e  f i g u r e  you es t i -  
mated o r i g i n a l l y  from t h e  ba l loon?  

DR. WINCKLER: Lower .  

The r e a s o n  is  t h a t  w e  found t h e  spec t rum a p p a r e n t l y  
c u t s  o f f  a t  around f o r t y  m i l l i o n  e l e c t r o n  v o l t s .  I would 
l i k e  t o  emphasize t h a t  t h e s e  numbers are v e r y  t e n t a t i v e  because  
e a c h  o f  t h e s e  e v e n t s  may d i f f e r .  We d o n ' t  measure a l l  t h e  
de ta i l s  o f  each  e v e n t ,  W e  c an  o n l y  g u e s s  a t  what might have 
been,  T h i s  e v e n t  w e  have covered  extremely w e l l .  

QUESTION: Might t h e  speake r  on micrometeorites care 
t o  g u e s s ,  o r  know, where t h e  f a i l u r e  i n  t h e  c o u n t e r s  o c c u r r e d ;  
whether  i t  w a s  i n  t h e  t e l e m e t r y  c o n v e r t e r ?  

MR. DUBIN: T h i s  i s  a l i t t l e  b i t  h a r d  t o  do because  
you c a n ' t  examine t h e  equipment ,  There is one  p o s s i b i l i t y ,  
a t  least  where t h e  count  goes  v e r y  h i g h  and goes  t o  t h e  f u l l  
coun t  on t h e  c o u n t e r ,  t h e  127 f i g u r e  on  t h e  t ab l e ,  t h a t  t h e r e  
c o u l d  be b i n a r y  d i g i t s  s t u c k  i n  t h e  u n i t  p o s i t i o n ,  so t h a t  
when t h e  s h i f t  r e g i s t e r  o p e r a t e d  it f i l l e d  i t  up,  That  i s  
about  t h e  o n l y  g u e s s  t h a t  w e  can  p u t  o u t  a t  t h i s  t i m e .  

QUESTION: I would l i k e  t o  a sk  D r .  Winckler what 
is t h e  p o s s i b i l i t y  of  s h i e l d i n g  a g a i n s t  t h e s e  r a d i a t i o n s .  

DR. WINCKLER: That  is a v e r y  compl i ca t ed  q u e s t i o n ,  
I t  depends on emiss ion  and r i s k s  t h a t  you are w i l l i n g  t o  t a k e ,  
I d o n ' t  t h i n k  t h e r e  is a clear answer,  

QUESTION: I d o n ' t  want t o  take any  risks. 

DR. WINCKLER: O t h e r  r i s k s  are much g r e a t e r ,  I 
would s a y ,  

QUESTION: D r ,  S o n e t t  r e f e r r e d  r a t h e r  b r i e f l y  t o  
t h e  a p p a r e n t  c o i n c i d e n c e  of f i n e - s c a l e  magnet ic  v a r i a t i o n s  

. .. . . , .. .- 
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on P i o n e e r  V,  and t h o s e  on  t h e  E a r t h ,  which is a r a t h e r  
s t a r t l i n g  though t ,  I wonder i f  he  c o u l d  e n l a r g e  on  k h a t  a 
l i t t l e  b i t ,  p a r t i c u l a r l y  t h e  t i m e  r e l a t i o n s h i p .  

DR. SONETT: I t  would be  d i f f i c u l t  f o r  m e  t o  g i v e  
YOU any d e t a i l e d  i n f o r m a t i o n  s i n c e  t h e  c o r r e l a t i o n s  were done 
t h i s  morning a t  t h e  Commerce Department. But w e  are ve ry  
s u r p r i s e d  and v e r y  p l e a s e d  w i t h  t h e  way t h e  i n f o r m a t i o n  does  
correlate. 

QUESTION: On what sor tcaf  a t i m e  scale are t h e  
changed r e l a t i o n s h i p s ?  I n  h o u r s ,  d a y s ,  minutes? 

DR. SONETT? C e r t a i n l y  i n  a matter of  h o u r s ,  no t  
days .  

QUESTION: I w a s  go ing  t o  ask D r .  S o n e t t  if t h i s  
S u g g e s t s  the p o s s i b i l i t y  s o m e t i m e  of s e n d i n g  s a t e l l i t e s  o u t  
t o  c o n s i d e r a b l e  dis tances  t o  fo rewarn  u s  of solar  f lares  so  t h a t  
maybe w e  can  do something about  communications on Ea r th?  

DR. SONETT: I suppose  i n  p r i n c i p l e  you c o u l d  do t h a t ,  
y e s ,  because  t h e  v e l o c i t y  of p r o p a g a t i o n  is much less t h a n  t h a t  
f o r  a radio wave. So t h i s  means t h a t  you c o u l d  sit o u t  a w a y s  
from t h e  E a r t h  and g e t  a message t o  t h e  E a r t h  b e f o r e  such  a 
t h i n g  a r r i v e s .  But I a m  n o t  s u r e  t h a t  t h i s  would be  a d e s i r a b l e  
t h i n g  t o  do,  

QUESTION: D r .  S o n e t t  s ta ted t h a t  t h i s  agreement 
between magnet ic  f i e l d  i n  s p a c e  and on E a r t h  cast doubt  on 
t h e  t h e o r y  of magnet ic  s t o r m s  as it now e x i s t s .  Could you 
e l a b o r a t e  on t h a t  a l i t t l e ?  

DR. SONETT: I have t o  be v e r y  c a r e f u l  there ,  of 
c o u r s e ,  because  t h i s  is hallowed ground. A l l  I can  s a y  is 
t h a t  t h e r e  are some p u z z l i n g  d a t a ,  We have n o t  s e e n  t h e  
c lass ical  s t o r m  r i n g  a t  t h e  r a d i u s  t h a t  v a r i o u s  t h e o r e t t c i a n s  
estimated i t  s h o u l d  e x i s t .  T h i s  is f o r  t h e  s t o r m  of t h e  1 6 t h  
of August last  y e a r ,  when E x p l o r e r  V I  w a s  f l y i n g .  Again now, 
w i t h  t h e  v e r y  good c o r r e l a t i o n  between t h e  i n t e r p l a n e t a r y  
e l e c t r o m a g n e t i c  s t a t e ,  some m i l l i o n s  of k i l o m e t e r s  from t h e  
E a r t h ,  and  t h e  data o b t a i n e d  on t h e  ground f o r  t h e  s t o r m  of 
March 31, 1960, t h i s  would i n d i c a t e  t h a t  something h a s  t a k e n  
p l a c e  which is  n o t  a two-s tep  p r o c e s s ;  whether  t h e r e  is a l o t  
l o s t  i n  t h e  f i n e  s t r u c t u r e  between t h e  t w o  p r o c e s s e s .  

QUESTION: What w a s  t h e  d a t e  of t h i s  c o r r e l a t i o n  i n  
magnetism and t h e  d i s t a n c e  of t h e  v e h i c l e  a t  t h a t  t i m e ,  roughly?  
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DR, SONETT: I t  was t h e  31st of March storm. I n  
t h e  r e g i o n  around t h e  31st of March t h e r e  w a s  a ve ry  l a r g e  
solar e v e n t ,  

QUESTION: And t h e  d i s t a n c e  t h e n  w a s  what? 

DR. SONETT: Approximately t h r e e  m i l l i o n  m i l e s .  

QUESTION: One more q u e s t i o n .  A s  I unde r s tood  it 
ear l ie r ,  t h e  r i n g  c u r r e n t  l . a y  a t  t h e  o u t e r  f r i n g e  of  t h e  
o u t e r  r a d i a t i o n  b e l t ,  b u t  t h e  i l l u s t r a t i o n  you showed 
showed it much f u r t h e r  o u t ,  Can you e x p l a i n  t h a t ?  

DR. SONETT: The model c a l c u l a t i o n ,  which is  ad- 
m i t t e d l y  o v e r - s i m p l i f i e d  b u t  g i v e s  a ve ry  good p i c t u r e ,  
i n d i c a t e s  t h a t  t h e  c e n t e r  of t h e  c o u r s e  is t e n  E a r t h  r a d i i  
from t h e  c e n t e r  of  t h e  E a r t h ,  Its r a d i u s ,  t h a t  i s  i f  you 
c u t  i t ,  s l i ce  it open w i t h  a k n i f e  and look a t  a c i r c u l a r  
cross-section, its r a d i u s  is t h r e e  E a r t h * s  r a d i i .  Which 
means i t  would be from 7 t o  13 E a r t h  r a d i i .  T h i s  is o u t  
p a s t  t h e  h e a v i l y  t r a p p e d  r a d i a t i o n  b e l t ,  o u t e r  b e l t .  

QUESTION: Is it  on t h e  o u t e r  f r i n g e  of i t  o r  is it  
w e 1  1 beyond? 

DR. SONETT: T h i s  is a v e r y  n i c e  p i c t u r e  h e r e ,  b u t  
I wouldn ' t  be  s u r p i 7 i s e d f i f . t h i s  c u r r e n t  t a p e r s  o f f  i n  some 
manner. I t  c e r t a i n l y  i s n ' t  as  s h a r p l y  d e l i n e a t e d  as  t h e  
artist 's c o n c e p t i o n  g i v e s  it h e r e ,  I t  may be  t h a t  one merges 
i n t o  t h e  o t h e r .  We d o n ' t  know t h a t  y e t .  

QUESTION: Could you g i v e  u s  an i d e a  of  how much 
5,000,000 amperes is? I a m  s o r r y ,  I d o n ' t  know. 

DR. SONETT: T h i s  is a d i f f i c u l t  q u e s t i o n  t o  answer ,  
a g a i n  because  t h i s  is  a k i n d  of  a n  A l i c e  i n  Wonderland wor ld ,  
t h e s e  l a r g e - s c a l e  plasmas.  They are v e r y  h i g h l y  conduc t ing .  
You c a n ' t  s u p p o r t  an  e lec t r ic  f i e l d ,  a v o l t a g e  across them. 
I t  w i l l  s h o r t  o u t .  So you may have m i l l i o n s  of  amperes f lowing  
b u t  n o t  an  awful  l o t  of  energy .  I n  f a c t ,  t h i s  is a r a t h e r  
d e l i c a t e  t h i n g ,  t h i s  ring. 

QUESTION: D r .  Simpson, i n  your f i r s t  s l i d e  you 
showed a solar  f l a r e  c a u s i n g  a Forbush d e c r e a s e ,  T h i s  is i n  
t h e  p r o t o n  coun t .  The second f l a r e  showed an i n c r e a s e  i n  t h a t  
s a m e  g raph .  D o e s  t h i s  mean t h e  t w o  f l a r e s  w e r e  d i f f e r e n t  i n  n a t u r e ?  
How do you account  f o k  t h i s ?  
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DR, SIMPSON: I might t r y  t o  a sk  t h e  q u e s t i o n  again.  
The q u e s t i o n  is, o u t  of a l l  t h e  solar  f lares  w e  showed two on 
t h a t  f i r s t  g raph .  The f irst  one w e  c la imed was t h e  o r i g i n  of  
t h i s  plasma c loud  t h a t  e v e n t u a l l y  g o t  t o  t h e  v i c i n i t y  of 
P i o n e e r  V and t h e  E a r t h  and produced t h e  e f fec ts  w e  are d is -  
c u s s i n g  h e r e  today .  And t h e n  t h e  second one shown l e d  almost 
immediately t o  t h e  a r r i v a l  of fas t  p a r t i c l e s .  I t  i s  l i k e l y  
t h a t  b o t h  of them accelerate p a r t i c l e s ,  b u t  i t  is s u g g e s t i v e  
t h a t  d u r i n g  t h e  t i m e  t h a t  t h e  second one a r r i v e d  t h a t  t h e  
solar  p r o t o n s  found t h e i r  way e a s i l y  t o  t h e  E a r t h ,  and q u i c k l y ,  
because  you may have swept o u t  t h e  magnet ic  f i e l d s  and made 
i t  much easier fo r  t h e  p a r t i c l e s  t o  excape.  

There is e v i d e n c e ,  I t h i n k  D r .  Winckler w i l l  concur  
i n  t h i s ,  of lower energy  r a d i a t i o n  a t  t h e  t i m e  of t h e  f la re  
on t h e  30 th .  I t h i n k  t h i s  i s  t r u e .  W e  see a s m a l l  i n c r e a s e  
t h e r e ,  b u t  i t  c e r t a i n l y  was n o t  t h e  o u t s t a n d i n g  e v e n t .  

QUESTION: D r .  Winckler spoke of d e f i n i t e  b i o l o g i c a l  
e f f e c t s  f r o m  some of t h e s e  i n t e n s e  r a d i a t i o n s .  Was he speak ing  
of b i o l o g i c a l  effects  t o  peop le  on E a r t h  o r  peop le  f l y i n g  
th rough  space?  

DR, WINCKLER: I t  is no t  of any concern  t o  people on 
E a r t h  because  t h e s e  p a r t i c l e s  d o n ' t  r e a c h  t h e  s u r f a c e .  They 
are found o n l y  a t  a d e p t h  of 50,000 feet  i n  t h e  a tmosphere ,  no 
lower. 

QUESTION: I d o n ' t  know t o  whom t o  d i r e c t  t h i s  
q u e s t i o n  because  it r e a l l y  b e a r s  upon a l l  t h r e e  of the  r a d i a -  
t i o n  e x p e r t s ,  

There is a h y p o t h e s i s  t h a t  t h e  o u t e r  b e l t  is produced 
by cosmic r a y  n e u t r o n  decay ,  which is a sor t  of r i v a l  t o  t h e  
m o r e  a c c e p t e d  view t h a t  it is fed  from t h e  sun.  Have t h e  
P i o n e e r  V r e s u l t s ,  combined w i t h  E x p l o r e r  V I 1  r e s u l t s ,  e l i m i -  
n a t e d  t h a t  hypothesis?  

DR. WINCKLER: F i r s t  of  a l l ,  i t  is n o t  d i r e c t l y  from 
t h e  sun .  I t h i n k  t h a t  is one t h i n g .  

Secondly ,  t h e  i n t e n s i t i e s  and t h e i r  r a p i d i t y  of 
change seem t o  i n d i c a t e  t h a t  it i s  d i f f i c u l t  t o  accoun t  f o r  
i t  by n e u t r o n  decay, T h i s  is a t o p i c  which is under d i s c u s -  
s i o n  now. 

MR, ROSEN: D r .  Simpson? 
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DR, SIMPSON: I might s a y  it would be h i g h l y  unusual  
for n a t u r e  t o  suddenly  become ve ry  s imple .  F i r s t  of a l l ,  w e  
know t h a t  t h e  n e u t r o n s  are decaying  o u t  t h e r e ;  t h a t  t h e r e  is 
a c e r t a i n  amount of t h e  r a d i a t i o n  t h a t  is  trapped e l e c t r o n s .  
But t h e  fundamental  q u e s t i o n  is  whether  i t  i s n ' t  t r u e  t h a t  
there : '& j u s t  one  dominant p r o c e s s ,  s u g g e s t i v e  of  t h e i r  b e i n g  
o n l y  one dominant p r o c e s s ,  and because  of t h e  l a r g e - s c a l e  
changes i n  ene rgy  t h a t  D r .  Winckler mentioned it s e e m s  hard 
f o r  a weak s o u r c e  of n e u t r o n s  t o  keep  b u i l d i n g  up a t  a s u f -  
f i c i e n t  ra te  t o  keep  t h e  r e g i o n  a l i v e .  

QUESTION: D r .  Winckler ,  you s ta ted  there w e r e  between 
f i v e  and f i f t y  r o e n t g e n s  p e r  hour i n  t h e  most i n t e n s e  f lare  
e v e n t .  What w a s  t h e  s h i e l d i n g  t h a t  you were r e f e r r i n g  to? 

MR. ROSEN: Do you mean t h e  s h i e l d i n g  around t h e  
i n s t r u m e n t  s? 

QUESTION: If you were r e f e r r i n g  t o  f i v e  t o  f i f t y  
r o e n t g e n s .  

DR. WINCKLER: T h i s  is an e v e n t  which w a s  supposed 
t o  have t a k e n  p l a c e  i n  s p a c e  P a s t  Ju ly .  I t  is  n o t  d i r e c t l y  
obse rved  i n  space .  I t  w a s  obse rved  i n  b a l l o o n  measurements. 

MR, ROSEN: I t h i n k  t h e  q u e s t i o n  w a s  as t o  t h e  
s h i e l d i n g  around t h e  i n s t r u m e n t s .  

DR. WINCKLER: The s h i e l d i n g  around t h e  i n s t r u m e n t s  i n  
P i o n e e r  V,  as d e t e c t e d  i n  t h e  smaller e v e n t s  j u s t  shown, w a s  
f r o m  a ha l f  t o  f i v e  grams of material. That  is e q u i v a l e n t  t o  
a h a l f  t o  f i v e  c e n t i m e t e r s ,  

QUESTION: Would i t  be too much t o  ask i f  someone 
would draw a p i c t u r e  on t h e  blackboard of the  r e l a t i o n s h i p s  
between t h e  solar f l a r e s ,  t h e  magnet ic  f i e lds ; :  and t h e  Van 
A l l e n  layers? 

M R .  ROSEN: T h i s  gent leman wants  a composite p i c t u r e  
of  what he  t h i n k s  w e  have d i s c o v e r e d ,  s i m p l i f i e d .  Is t h e r e  
any s i m p l i f i c a t i o n  of t h i s ?  

DR. SIMPSON: You cou ld  o n l y  j u s t  s k e t c h .  

MR. ROSEN: You c o u l d  probably  do i t  on a scale. 

Is  t h a t  what you mean, on a d i s t a n c e  scale from t h e  
Ea r th?  
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QUESTION: More o r  less. J u s t  a s k e t c h .  

DR. SIMPSON: L e t ' s  assume t h a t  t h e  d i s t a n c e  across 
t h e  b l ackboard  r e p r e s e n t s  t he  sun-Ear th  d i s t a n c e  a t  any g iven  
t i m e .  The t i m e  w e  w i l l  p i ck  is  a p e r i o d  around t h e  31st of 
March t o  t h e  1st of A p r i l ,  so  i t  w i l l  p i l e  on a l l  t h e  e v e n t s .  

H e r e  is t h e  sun ,  W e  are now t a k i n g  a view,  t a k i n g  
a cross-section so t h a t  t h e r e  is  a lmost  t h e  p l a n e  of t h e  
e c l i p t i c .  We w i l l  p u t  t h e  E a r t h  o u t  here, and w e  w i l l  p l a c e  
t h e  o u t e r  r a d i a t i o n  b e l t  something l i k e  t h i s .  T h i s  r e g i o n  
a t  H - 1 5  would appea r  here, on the  Nor thern  Hemisphere of t h e  
sun.  The sun  h a s  a coroan  which goes  o u t  many t i m e s  i ts  
own r a d i u s  where i t  i s  e f f e c t i v e  fo r  s t o r i n g  p a r t i c l e s  and 
a c c e l e r a t i n g  p a r t i c l e s .  

Without go ing  i n t o  detai ls ,  on t h e  31st t h e r e  w a s  
some t y p e  of e jec t ion  of matter -- t h a t  o r i g i n a l l y  belonged t o  
t h e  s u n  -- i n t o  space .  T h i s  p robab ly  c o n t a i n e d  a l so  magnet ic  
f i e l d s ,  a l t h o u g h  w e  are n o t  s u r e  of t h e  n a t u r e  of them, and 
w e  d o n ' t  know whether  it w a s  a n  e n c l o s u r e  t h a t  w a s  empty 
i n s i d e  or  whether  i t  w a s  s o l i d  o r  any of t h e s e  f e a t u r e s ,  

W e  a l so  d o n ' t  know what t h i s  d i d  t o  t h e  magnet ic  
f i e l d s  t h a t  were a l r e a d y  p r e s e n t  t h a t  D r .  S o n e t t  w a s  measuring 
when e v e r y t h i n g  w a s  q u i e t .  But i t  c e r t a i n l y  w a s  pushing  them 
around,  

So one  might  imagine ,  w i t h o u t  drawing a n  a r t i s t ' s  
c o n c e p t i o n ,  t h a t  t h e r e  were magnet ic  f i e l d s  a l ready  i n  s p a c e  
of w e a k  c h a r a c t e r ,  W e  d o n P t  know whether  t h e y  had a s t r o n g  
r a d i a l  component, whether  t h e y  were d i p o l e  or what.  We w i l l  
n o t  answer t h a t  r i g h t  now, b u t  t h a t  t h e r e  is a f i e l d  p r e s e n t .  
And t h i s  medium p a s s i n g  th rough  i t  c e r t a i n l y  squeezed  t h e  
p r e v a i l i n g  f i e l d ,  That  is t h e  second t h i n g  t h a t  w e  are p r e t t y  
s u r e  o f ,  

T h i s  r e g i o n ,  r e a c h i n g  t h e  v i c i n i t y  of  t h e  E a r t h  t h e n ,  
a t  a la ter  t i m e ,  t h i s  plasma,  c e r t a i n l y  b y  E a r t h  d i m e n s i o n s ,  
was enormous, and c e r t a i n l y  c o l l i d e d  w i t h  t h e  magnet ic  f i e l d .  
The magnet ic  l i n e s  of force of t h e  E a r t h ,  however, cou ld f i t t  
i m m e d i a t e l y  p e n e t r a t e  t h i s  because  t h i s  is a v e r y  h i g h l y  con- 
d u c t i n g  medium. 

And so it w a s  a s  though t h e  E a r t h ' s  s y s t e m  had been 
h i t  by a s o l i d  o b j e c t ,  so t o  s p e a k ,  so t h e  E a r t h ' s  f i e l d  would 
f l u x  and change form. 

. ... , .  
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I n  h e r e ,  t h e n ,  would be t h e  phenomena of D r .  
Winck le r ' s  and Van A l l e n ' s  p r o p o s a l  f o r  t h e  s p i r a l i n g  l o w -  
ene rgy  p a r t i c l e s  g e t t i n g  dumped f irst  when t h e  f i e l d s  were 
shaken  up. They c o u l d  no l o n g e r  be r e t a i n e d  on  t h e  l i n e s  of 
f o r c e ,  and t h e  a u r o r a  was s e e n .  And t h e n ,  as t h i s  plasma 
k e p t  s t r e a m i n g  i n ,  i t  formed i n t e r s t i t i a l l y  i n  t h e  l i n e s  of 
f o r c e  t h e  plasma,  i t  is b e i n g  a rgued ,  t o  be a c c e l e r a t e d  l a te r  
b y  s o m e  mechanism unknown, t o  t h e n  b u i l d  up r e l a t i v e l y  high-  
e n e r g y  p a r t i c l e s  i n t o  t h e  o u t e r  r a d i a t i i a n - * b e l t .  

Is t h a t  a f a i r  s t a t e m e n t  of t h a t  p a r t  of t h e  
p i c t u r e ?  

MR. GOETT: A remarkable  s t a t e m e n t .  

DR. SIMPSON: A t  t h e  same t i m e  w e  have had P i o n e e r  V 
o u t  here, and l e t  m e  now p r e t e n d  t h a t  I have l e t  t h e  c l o u d  
advance,  b u t  I w i l l  change my c o o r d i n a t e s  and move P i o n e e r  Y 
o u t  here so t h a t  i t  is  i n s i d e  t h i s  r e g i o n .  

J u s t  b e f o r e  t h i s  advanced,  coming f r o m  t h e  g a l a x y  
w a s  a cosmic r a y  f l u x ,  a f l u x  of cosmic r a y  p a r t i c l e s ,  from 
a l l  d i r e c t i o n s ,  There was a c e r t a i n  i n t e n s i t y ,  so many 
c o u n t s  perLsecond of cosmic r a y s ,  t h a t  because  of t h i s  r e g i o n  
moving fo rward  and d i s t o r t i o n  of  t h e  p r e v a i l i n g  f i e l d ,  and 
t h i s  f i e l d  going  i n  t h e  plasma, t h e  p a r t i c l e s  found themse lves  
b e i n g  d e f l e c t e d  and s c a t t e r e d ,  and hav ing  t o  weave t h i s  way 
by  s c a t t e r i n g  i n  magnet ic  f i e l d s  i n t o  t h i s  i n n e r  r e g i o n .  So 
t h a t  f o r  an  a p p r e c i a b l e  p e r i o d  0% t i m e  t h e  i n t e n s i t y  i n s i d e  I 

t h i s  r e g i o n  w a s  less  t h a n  o u t  i n  t h e  ga l axy .  And i n  f a c t ,  
b y  r e v e r s i n g  t h e  argument ,  by s a y i n g  t h a t  w e  can  prove  t h a t  
t h i s  is i t ,  one  can  a r g u e  t h a t  t h e r e  is something of  t h i s  
g e n e r a l  t y p e  go ing  on.  

So w e  see now t h e  i n t e r r e l a t i o n s h i p  of t h e  g a l a c t i c  
cosmic r a y s ,  t h e  d e p r e s s i o n ,  and advancing  plasma r e g i o n  of hot  
g a s  a t  h i g h  t e m p e r a t u r e s ,  and c o l l i s i o n  w i t h  t h e  magnet ic  f i e l d ,  
and t h e s e  i n t e r a c t i o n s ,  

That  i s  about  as g e n e r a l  as one  c a n  g e t .  

QUESTION: Where is t h e  r i n g  c u r r e n t ?  

DR, SIMPSON: About t e n  E a r t h  r a d i i  abou t  a good 
medium p o i n t .  Out h e r e  and h e r e  t h e r e  is c i r c l i n g  t h i s  v e r y  
t enuous  charged pa r t i c l e  s t r e a m  t h a t  e s s e n t i a l l y ,  i f  you looked 
a t  i t  c r o s s - s e c t i o n ,  r e p r e s e n t  o n l y  a f e w  p a r t i c l e s  p e r  s q u a r e  
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cen t ime te r ,  bu t  looked a t  i n  t o t a l  c ros s - sec t ion  r e p r e s e n t s  
a m i l l i o n  amperes o r  more c u r r e n t ,  

It would be i n t e r e s t i n g  t o  know whether t h a t  is 
des t royed  temporar i ly  when a l l  of t h i s  occurs .  

MR. ROSEN: I have t o  assume t h a t  answers  your 
ques t ion .  

QUESTION: Y e s ,  i t  does.  

MR. ROSEN: I a l s o  have t o  assume t h a t ,  s i n c e  it 
is a f t e r  3:30, t h a t  t h i s  conference h a s  now drawn t o  a 
c l o s e .  

(Thereupon, a t  1:35 p.m., the  p r e s s  conference 
w a s  concluded.)  

+ + +  
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SCIENTIFIC ORGANIZATIONS AND THE 
DEVELOPMENT OF INTERNATIONAL L A W  

Remarks By 
, JOHN A,, JOHNSON, GENERAL COUNSEL 

NATIONAL AERONAUTICS AND SPACE ADMINXSTRATION 
A t  a Panel Discussion On "The Role Of Nongovernmental 

GKOUPS In The Development Of Internat ional  Law" 
A t  The Annual Meeting Of 

THE AMERICAN SOCIETY OF SNTERMATIONAL LAW 
Washington, D. C o ,  A p r i l  29, 1960 

This is the era of Science. Our every day speech 

reflects it. In our own century, the Age of Elec t r ic i ty ,  

the A i r  Age ,  the Atomic Age, and, f i na l ly ,  the Space Age 

have succeeded each Other w i t h  bewildering rapidi ty .  

The s t r u c t u r e  of our own Government a l s o  reflects it, 

No one doubts the dependence of our nat ional  securi ty ,  

health, and welfare on the advancement of science, In  the 

years s ince  World W a r  IP, the Atomic Energy Commission, the 

National Science Foundation, and the National Aeronautics 

and Space Administration have a l l  been established; and 

the s c i e n t i f i c  programs of many other agencies have been 

great ly  enlarged, Ten years ago the Office of Science Ad- 

viser  was established i n  the Department of State, and 

science attach& have since been appointed t o  several  of 

our Embassies abroad, Today the President  has a Science Ad- 

visory Board, a Special Assistant for  science and Technology, 



and a Federal Council €or Science and Technology, 

On the nongovernmental level ,  science is a l so  a highly 

organized ac t iv i ty .  

of s c i e n t i s t s  concerned w i t h  particular discipl ines ,  science 

has a very art iculate spokesman i n  Washington i n  the Ma%ional 

Academy of Sciences, Pncorporated i n  1863 by a special 

A c t  of Congressp it is required by the act of incorporation 

t o  respond t o  the request of Government departments t o  in- 

vest igate ,  examine, experiment, and report  upon any subject 

of science, 

In addition t o  numerous associations 

In the l i g h t  of a l l  th i s ,  one might be inclined t o  

assume that nongovernmental s c i e n t i f i c  groups have had an 

influence on the development of internat ional  l a w  comparable 

t o  their influence on other phases of the contemporary so- 

cial  and polit ical  order,  My own opinion is that th i s  has 

hardly been the case, 

The progress of science undoubtedly has had a substan- 

t i a l  e f f e c t  upon internat ional  l a w  and organization, Mumer- 

ous internat ional  conventions have been adopted and inter-  

nat ional  organizations established that would have had no 

reason f o r  existence w e r e  it not f o r  the bevel of s c i e n t i f i c  

a c t i v i t y  of recent years,  Science and technology have 
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created new conditions i n  world-wide t ransportat ion,  com- 

munications, meteoroEogy, and many other f i e l d s  khat have 

made it necessary o r  expedient f o r  governments to create  

new forms of organization and new internat ional  leg is la t ion  

t o  cope w i t h  them. The moving force,  however, appears t o  

have been s c i e n t i f i c  progress i tself ,  and i ts  economic and 

soc ia l  consequenceso rather than the deliberate e f f o r t s  of 

nongovernmental s c i e n t i f i c  groups, 

I know that  such a generalization is subject  t o  many 

exceptions; but I think it is safe t o  say that ,  i n  comparison 

w i t h  the organized e f f o r t s  of labor and commercial organi- 

zations,  the conscious contributions of s c i e n t i f i c  organi- 

zations t o  the development of internat ional  l a w  has been 

rather small. 

Times are changing, however, i n  t h i s  respect as i n  

many others ,  Sc ien t i f ic  undertakings have been organized 

and conducted on a global scale  never before attempted, New 

kinds of s c i e n t i f i c  a c t i v i t i e s  have come t o  the fore which 

cannot be contained within nat ional  boundaries, New s i t u a -  

t ions and new problems have thus  been created which the 

s c i e n t i f i c  community itself recognizes as requiring sobbutions 

of a l ega l  nature on the intergovernmental level ,  
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I think the  most ins t ruc t ive  ease i n  pain% is the  re- 

cent h i s tory  of the  Internat ional  geophysical Y e a r  and its 

immediate consequences, But before dealing with t h a t  sub- 

ject, l e t  us  consider b r i e f l y  the in te rna t iona l  organization 

of the  s c i e n t i f i c  community today, 

As everyone knowsB the progress of science and tech- 

nology w a s  phenomenal during the last  half of the  Nineteenth 

Century, So was i ts  in te rna t iona l  organization, Coopera- 

t i o n  among s c i e n t i s t s  and s c i e n t i f i c  groups on an in t e r -  

nat ional  basis became indispensable t o  the  progress of cer- 

t a i n  of the physical sciences i n  pa r t i cu la r .  Geodesy and 

meteorology w e r e  conspicuous examples, It is  not surpr is ing 

that the  f i r s t  in te rna t iona l  organization of s c i e n t i s t s  t o  

enjoy a long l i fe  was the International Association of Geodesy 

founded i n  1864. The work i n  which it w a s  in te res ted  re- 

quired in te rna t iona l  standardization of measurements, and 

t h i s  led t o  the formation i n  1875 of the  mterna t iona l  Bureau 

of Weights and Measurements. A number ob' other  in te rna t iona l  

s c i e n t i f i c  organizations followed, Some w e r e  formed t o  

advance science by direct cooperation across nat ional  bound- 

ar$es8 and others  were designed t o  encourage the  exchange 

of views and the  dissemination of in fomat ion  by such means 
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as international,  s c i e n t i f i c  congresses. 

A s t r i k i n g  instance of ea r ly  in te rna t iona l  s c i e n t i f i c  

cooperation w a s  the Internat ional  Polar Y e a r  i n  1882-83, 

In 1879 the Internat ional  Wteorological Congress endorsed 

the idea of an Xnternational Polar Y e a r  f o r  the purpose of 

es tab l i sh ing  r ings of s t a t ions  as close as possible t o  the 

Arctic and Antarctic Circles t o  make synchronized observa- 

t i o n s o  primarily of weather and the earth's magnetism. 

Eleven nations par t ic ipa ted  i n  th i s  great  en terpr i se ,  which 

set a pat te rn  repeated 50 years later i n  the Second Inter-  

nat ional  Polar Y e a r ,  i n  193% and 1933, and again, most re- 

cent ly ,  i n  the Internat ional  Geophysical Y e a r  i n  195% and 

1958, The second Internat ional  Polar Y e a r ,  l ike  its prede- 

cessor,, w a s  organized under the auspices of internat ional  

s c i e n t i f i c  bodies that were forerunners of the World khteoro- 

log ica l  Organization, 

In 1899, the French,, Xtalian, Russian, and United States 

Academies of Science agreed $0 form an in te rna t iona l  Asso- 

c i a t i o n  t o  be ca l led  the Xnternationab Association of Acada- 

m i e s ,  'It held B t s  first meeting i n  Paris i n  1900, 

Largely because of the e f f e c t  of World War i n  in- 

terrupt ing meetings of the Pmternational Association of 



Academies and many other  internat ional  s c i e n t i f i c  organiza- 

t ions ,  a reorganization took place i n  1919, A t  that t i m e  

a new organization, the Internat ional  Research Council, 

w a s  formed f o r  dealing w i t h  matters Of in ternat ional  scien- 

t i f i c  i n t e r e s t  and t o  faci l i ta te  s c i e n t i f i c  undertakings 

requiring internat ional  cooperation, A number of in te r -  

nat ional  s c i e n t i f i c  unions w e r e  a l so  formed a t  that t i m e ,  

Originally a f f i l i a t e d  w i t h  the Internat ional  Research Council 

were the Iaternat ional  Unions for  Astronomy, Geodesy and 

Geophysics, Chemistry, and Mathematics. To these were later 

added Scien t i f ic  Radio (1921) physics (1922) Geography 

(1923) Biological Sciences (1922) CXyStZkl1OgKaphy (192%) 

Theoretical and Applied Wchanics (l947),  History  of Science 

(1947) , Physiological Sciences (1955) and Biochemistry (1955) 

The Xnternational Research Council re ta ined considerable 

control  over the Unions. Its s t a t u t e s  provided that it 

should " i n i t i a t e  In and "direct various internat ional  scien- 

t i f i c  programs, Differences of opinion a b u t  these and 

other  matters led t o  a reorganization i n  1931 by which the 

IRC w a s  transformed in to  the Xnternational Council of Scien- 

t i f i c  Unions (IcSU), The new organization became essen- 

t i a l l y  a federat ion of autonomous Unions, 
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ICSu is made up laf two types of memberas f i r s t ,  

National M e m b e r s  consis t ing of National Academies of Science 

or comparable bodies representing 45 nations; second, Scien- 

t i f  i c  Members consis t ing of 13 International Sc ien t i f i c  

Unions. The General A s s e m b l y ,  w h i c h  is the governing body 

of I C s U ,  is composed of representatives ob both the National 

Members and of the Sc ien t i f i c  Members. Although some of 

the National Members are govermenta9. o r  quasi-governmental, 

ICSU is e s sen t i a l ly  a nongovernmental body, 

vides a parallel  organization a t  the intergovernmental 

l eve l  

UlWSCO pro- 

The S ta tu t e s  of I C S U  provide that  i t s  chief objects  

are P 

''((a) t o  coordinate and facil i tate the a c t i v i t i e s  of 

the Internat ional  S c i e n t i f i c  Unions i n  the f ie ld  of the 

Natura l  Sciences 0" 

''(b) to act as a co-ordinaging centre f o r  the National 

Organizations adhering to the C o u n c i l o ~ ~  

Further objects of the council include encouragement 

of in te rna t iona l  s c i e n t i f i c  a c t i v i t y  i n  subjects which do 

not f a l l  within the purview of any ex i s t ing  in te rna t iona l  

organizations and, of particular relevance t o  the subject 
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of our discussion, the maintenance of re la t ions  with the 

United Nations and its Specialized Agencies 

In  1951, I C S U  commenced planning f o r  the Internat ional  

Geophysical Y e a r .  Iaa 1952, it issued invi ta t ions t o  nations 

adhering t o  ICSU t o  jo in  the e f f o r t ,  

Union w a s  not a t  that t i m e  a m e m b e r ,  a separate inv i ta t ion  

w a s  sent  t o  the Soviet Academy of Sciences. Here w e  have 

a s t r ik ing  instance of an internat ional  s c i e n t i f i c  organiza- 

t ion ,  operating on the nongovernmental l eve lo  i n i t i a t i n g  

with r e l a t ive  ease a program ob world-wide a c t i v i t y  which 

undoubtedly would have been much more d i f f i c u l t  f o r  govern- 

ments themselves t o  accomplish, 

Since the Soviet 

Xn 1953, ICSU f o m l l y  establ ished the Special Committee 

f o r  the Internat ional  Geophysical Year &now as CSAGI from 

the i n i t i a l s  of i ts  name i n  French). It was not u n t i l  

CSAGI's meeting i n  Rome i n  the f a l l  of 1954 that not i f ica-  

t i on  of the Soviet Union's intent ion t o  par t ic ipa te  w a s  

received, A t  that  same meeting, CSAGI passed a t r u l y  his- 

t o r i c  resolut ion urging that as many nations as possible 

consider developing s c i e n t i f i c  earth satell i tes t o  be 

launched during the Internat ional  Geophysical Y e a r .  The 

resolut ion stated: 
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"Pn view of the great  importance of observations 
during extended periods of t i m e  of ex t r a - t e r r e s t r i a l  
radiat ions and geophysical phenomena i n  the upper 
atmosphere, and i n  view of the advanced state of 
present rocket techniques, CSAGI recornends that  
thought be given t o  the launching of small satel l i te  
vehicles,  t o  their s c i e n t i f i c  instrumentation, and 
t o  the new problems associated w i t h  satell i te ex- 
periments, such as power supply, telemertering, and 
or ientat ion of the vehicle, '' 

Within a yearo both the uni ted States and the USSR in- 

dicated their intent ion t o  launch satell i tes as part of the 

IGY e f f o r t ,  

The tone of the e n t i r e  IGY e f f o r t  w a s  set by ECSU's 

insis tence on free and prompt dissemination of information. 

It w a s  agreed from the start  that  the data gathered during 

the PGY would be avai lable  t o  the s c i e n t i s t s  of a l l  nations, 

This applied t o  research u t i l i z i n g  satell i tes as w e l l  as t o  

other  PGY a c t i v i t i e s ,  and appropriate resolutions t o  t h a t  

e f f e c t  w e r e  adopted by CSAGI, 

The accomplishments of the IGY are so w e l l  known t ha t  

it would be point less  t o  recount them here, It is im- 

portant ,  howevero t o  note that  the work was planned under 

the guidance of a nongovernmental internat ional  s c i e n t i f i c  

organization and accomplished through the voluntary co- 

operation of s c i e n t i f i c  groups i n  some 66 countries,  

a l so  largely nongovernmental i n  character,  Each of these 
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groups, i n  turn,  decided on i ts  own part ic ipat ion i n  the 

program and obtained the necessary f inanc ia l  and l o g i s t i c  

support from i ts  nat ional  government, 

The IGY has had spectacular internat ional  lega l  con- 

sequences. In the f irst  place,  highly successful coopera- 

t i v e  e f f o r t s  of many nations i n  the Antarctic during the 

16GY set the stage f o r  the Antarctic sett lement,  mat the 

s p i r i t  of IGY cooperation keynoted the  Antarctic negotia- 

t ions is evident f r o m  the t e x t  of the United States Note of 

May 2,  1958, addressed t o  the Foreign Ministers of the 11 

other  countries which had carr ied on s c i e n t i f i c  research 

programs i n  Antarctica during the IGY. The Note, after 

re fer r ing  t o  "the splendid example of internat ional  coopera- 

t i on  which can now be observed i n  many parts of the world 

because of the coordinated e f f o r t s  of scientists of many 

countries in seeking a better understanding of geophysical 

phenomena during the current m%ernational Geophysical 

Yearo '' stated i n  parts 

"The $aa%ernational Geophysical Y e a r  comes t o  
a close a t  the end of 1958, The need f o r  coordinated 
s c i e n t i f i c  research in Antarctica, howeverp w i l l  
continue fo r  many more years i n to  the future .  Ac- 
cordingly it would a p ~ a r  desirable f o r  those coun- 
tr ies par t ic ipa t ing  i n  the Antarctic program of the 
Internat ional  Geophysical Y e a r  t o  reach agreement 
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among themselves on a program t o  assure the con- 
t inuat ion of the f r u i t f u l  s c i e n t i f i c  cooperation 
referred t o  above. Such an arrangement could have 
the addi t ional  advantage of preventing unnecessary 
and undesirable p o l i t i c a l  r i v a l r i e s  i n  tha t  continent, 
the uneconomic expenditure of funds t o  defend in- 
dividual  nat ional  i n t e re s t s ,  and the recurrent pos- 
s i b i l i t y  of internat ional  misunderstanding, It 
would appear that i f  harmonious agreement can be 
reached among the countries d i r ec t ly  concerned in 
regard t o  f r iendly cooperation i n  Antarctica, there  
would be advantages not only t o  those countries 
b u t  t o  a l l  other  countries as w e l l , "  

I think we can agree that it is qui te  inconceivable 

tha t  the Antarctic m a t t e r  would stand where it does today 

w e r e  it not f o r  the Y e t  it must be noted that  the 

scientaff i c  groups w h i c h  w e r e  responsible f o r  s e t t i n g  the 

stage had l i t t l e ,  i f  anything, t o  do w i t h  carrying the ac- 

t i on  forward on the political and legal level .  Zn  f a c t ,  

the  whole I G Y  e f f o r t  w a s  studiously nonpol i t ical ,  

Even more dramatic w e r e  the consequences of the IGY i n  

the f i e ld  of outer  space, FOK several  years preceding the 

launching of the first %W satellites, a number of new in-  

ternat ional  lega l  questions had been foreseen by lega l  

scholars. Immediately after the f irst  Sputnik, howeverB 

these questions became the subject  of popular debate, press 

comment, and Congressional a t ten t ion ,  

On December 13, 1958, the General Assembly of the 

la. 
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United Nations Adopted a resolut ion establ ishing an Ad Hoc 

Committee on the Peaceful U s e s  of Outer Space. It. was 

directed t o  report  t o  the General Assembly on several  

matters, including "the nature of legal problems which may 

arise i n  carrying out programmes t o  explore outer  space," 

In the i n t e r e s t  of brevi ty ,  I shall refer t o  only one 

of the subjects covered i n  the legal sect ion of the Com- 

m i t t e e ' s  report, That is the one concerning the question 

of the freedom of outer  space f o r  exploration and use,  

While the I- was still in progresso the Legal Adviser 

t o  the State Department had argued ' 'that the only conclusion 

that can be reached w i t h  respect t o  the arrangements regard- 

ing the Internat ional  Geophysical Y e a r  is  that  there is an 

implied agreement that, f o r  the period of the Xntemational 

Geophysical Y e a r ,  it is permissible t o  pu t  i n to  o r b i t  satel- 

l i tes designed f o r  s c i e n t i f i c  purposes Io The "implied agree- 

ment" w a s  evidently found i n  the fact that  no nation had pro- 

tested the announcements of the United States and the Soviet 

union of their intent ion t o  launch earth satellites during 

the IGY- The Legal Adviser concluded, "Qnce the year is over, 

rights i n  t h i s  f i e l d  w i l l  have t o  be determined by whatever 

agreement may be reached w i t h  respect t o  such objects." 

The report of the United Nations Ad H o c  Committee, 

issued i n  July, 1959, noted that during the XGYo and 



subsequently, "countries throughout the world proceeded on 

the premise of permissibi l i ty  of the launching and f l i g h t  

of space vehicles which were launched, regardless of what 

t e r r i t o r y  they 'passed over' during the course of their 

f l i g h t  through outer  spacel I' and concluded, #'The Committee, 

bearing i n  mind that i t s  terms of reference refer exclu- 

s ive ly  t o  the peaceful uses of outer space, believes that ,  

w i t h  t h i s  practice, there may have been i n i t i a t e d  the 

recognition o r  establishment of a generally accepted ru l e  

t o  the effect that ,  i n  pr inciple ,  outer space, on condi- 

t ions  of cqual i ty ,  is f r ee ly  avai lable  for  exploration and 

, use by a l l  i n  accordance w i t h  ex is t ing  or  fu ture  inter-  

national l a w  o r  agreements," 

Since the Ad Hoc Committee*s report w a s  rendered, space 

a c t i v i t y  has been considerably stepped up. 

t i m e ,  a t o t a l  of 22 earth satellites have been placed i n  

o r b i t ,  18 by the United States and 4 by the Soviet. Union. 

These satell i tes have repeatedly passed over the t e r r i t o r y  

A t  the present 

of every nation on earth, No permission w a s  sought i n  ad- 

vance; none w a s  expressly given by any State; and not a 

s ingle  pro tes t  has been regis tered by any State. 

The cautious language of the C o m m i t t e e  hardly seems 

13 
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necessary today. I: would suggest t h a t  a new pr inciple  of 

internat ional  l a w  has already been establ ished by the ac- 

t ions of the great  powers engaged i n  t h i s  a c t i v i t y  and the 

unanimous acquiescence of a l l  other  States, This prin- 

c ip l e  is t h a t  outer  space is not subject t o  claims of 

t e r r i t o r i a l  sovereignty, that no State has the r igh t  t o  

exclude other States from the use of any part of it, and 

t h a t  it is therefore  f ree ly  available f o r  exploration and 

peaceful use by a l l ,  This new principle  is the direct 

r e s u l t  of a c t i v i t y  i n i t i a t e d  during the IGY, Here again, 

however, internat ional  l a w  is developing as the r e su l t  of 

s c i e n t i f i c  a c t i v i t i e s  planned by nongovernmental groups -- 
not because of the conscious concern of such groups with 

the development of internat ional  l a w ,  

W i t h  the termination of the IGY and the completion of 

CSAGI's work, ICSU establ ished several  special  committees 

t o  continue a program of internat ional  s c i e n t i f i c  coopera- 

t ion ,  One OS these is the Committee on Space =search 

(COSPAR) composed of representatives of nine Internat ional  

Scientif  i c  Unions concerned with major f i e l d s  of science 

benefi t ing from space research and representatives of the 

internat ional  s c i e n t i f i c  i n s t i t u t ions  of a number of 

14 



countr ies  engaged i n  Launching rockets and satell i tes o r  

i n  t racking space vehicles.  

COSPAR w a s  established by a resolut ion of the I C S U  

General Assembly i n  Washington i n  October, 1958, s t a t i n g  

that  it w a s  the primary purpose of COSPAR '@to provide the 

world s c i e n t i f i c  community w i t h  the means whereby it may 

exp lo i t  the p o s s i b i l i t i e s  of satell i tes and space probes 

of a l l  kinds f o r  s c i e n t i f i c  purposes, and exchange the re- 

su l t i ng  data on a cooperative basis, '' The Committee was 

a l so  given the following d i rec t ions  which are relevant t o  

our discussion: 

"The Committee shall  hold as a primary object ive 
the maximum development of space research programs 
by the in te rna t iona l  community ob s c i e n t i s t s  working 
through the I C S U  and i ts  adhering nat ional  aca- 
demies and unions, Fbcognizing, howevero the need 
for  in te rna t iona l  regulation and control  of ce r t a in  
aspects of sa te l l i te  and space probe programs,, the 
Committee shall keep itself f u l l y  informed on 
United Nations o r  other  in te rna t iona l  a c t i v i t i e s  
i n  this  f i e l d ,  i n  order t o  assure  that  m a x i m u m  
advantage is  accorded in te rna t iona l  space science 
research through such regulations,  and t o  make 
recommendations r e l a t ive  t o  m a t t e r s  of planning 
and regulat ion that may effect the optimum program 
of Sc ien t i f i c  research." 

COSPAR, accordingly, has closely followed United Na- 

t i ons  developments i n  the f i e l d  of space a c t i v i t i e s  and 

has adopted resolut ions formally of fe r ing  its services  t o  

15 



the U.N, and instruct ing its President t o  furnish informa- 

t i on  on i ts  a c t i v i t i e s  t o  the U,N,  Secretary General. On 

the U,M. side, COSPAR~S President w a s  invi ted f o r  con- 

su l t a t ion  when the U,N, Ad Hoc Committee on the Peaceful 

U s e s  of Outer Space m e t  last  year, 

One of COSPAR's working groups is concerned w i t h  the 

tracking and transmission of s c i e n t i f i c  infonnatic~n, %is 

group immediately took cognizance of the importance of 

radio frequency al locat ion t o  the success of space re- 

searcho a problem which the U.N. Ad Hoc Committee had 

recognized as a most urgent one, On the advice of this 

working groupd COSPAR made a strong presentation t o  the 

Administrative Mdio Conference of the Internat ional  Tele- 

communications Union i n  Geneva last  fa l l .  of both the ime- 

diate and long-term needs f o r  a l locat ions of exclusive 

radio frequencies f o r  the purpose of space researcho and 

made spec i f ic  recommendations f o r  such al locat ions,  

The Conference had f r u i t f u l  r e s u l t s ,  Special radio 

bands w e r e  f u l l y  o r  p a r t i a l l y  reserved f o r  space research 

i n  the regulations adopted by the Conference, 

l a t ions ,  which are due t o  become ef fec t ive  on June 1, 1961, 

These regu- 



are an annex of the Internat ional  Telecommunications Con- 

vention which has already been adhered t o  by over 80 na- 

t i ons ,  including the U , S ,  and the USSR, Moreover, the 

Administrative Radio Conference recommended the holding 

of an Extraordinary Administrative Radio Conference during 

the  la t ter  part of 1963 t o  deal w i t h  the question of a l lo -  

cat ion of radio frequencies f o r  space research i n  the 

l i g h t  of new developments. 

A t  i ts last meeting i n  N i c e  i n  January, 1960, COSPAR 

adopted a resolut ion noting i ts  appreciation of the work 

of the ITU Conference and recommending "that the collab- 

oration of COSPAR and the ITU should continue and be used 

t o  the f u l l e s t  extent  t o  promote in te rna t iona l  coordina- 

t i o n  0% the use of the radio frequency spectrum f o r  space 

purposes e 'I 

I am sure that  there  are other in te rna t iona l  s c i e n t i f i c  

groups which are ac t ive ly  contributing today t o  the de- 

velopment of in te rna t iona l  law and organization, I have 

c i t e d  COSPAR because it is the organization which is moat 

closely related t o  our work i n  NASA and because P thfrile i t s  

a c t i v i t y  during the past  year is a good example of a greater  de- 

gree of involvement of s c i e n t i s t s  i n  the processes of intes-  

l a  



nat ional  organization on the p o l i t i c a l  and l ega l  l eve l  than 

has characterized t h e m  i n  the past. This involvement may 

not be desired by the s c i e n t i s t s  themselves, but it seems 

inescapable because of the very nature of the a c t i v i t i e s  

which they have set i n  motion, The successful conduct of 

s c i e n t i f i c  projects  i n  ce r t a in  f ie lds  today demands a de- 

gree of regulation and control  which can only be accom- 

plished at the intergovernmental l eve l  and through the means 

of in te rna t iona l  organization, In view of these develop- 

ments,, 1 think it is safe  t o  pred ic t  that nongovernmental 

s c i e n t i f i c  groups w i l l  f ind  it increasingly i n  their in- 

terest t o  pa r t i c ipa t e  ac t ive ly  i n  e f f o r t s  t o  a r r ive  a t  so- 

lu t ions  of a l ega l  nature w h i c h  are not only acceptable, 

b u t  pos i t ive ly  desirable, t o  t h e m ,  
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PRELIMINARY RESULTS FROM THE SPACE PROBE PIONEER V 
UNIVERSITY OF CHICAGO EXPERIMENTS* 

J .  A ,  Simpson, C, Y o  Fan, P o  Meyer 
Enrico Fermi I n s t i t u t e  f o r  Nuclear S tudies  

Universi ty  of Chicago 

The space probe Pioneer V was launched March 11, 1960 

i n t o  an o r b i t  around the  Sun and i n s i d e  the o r b i t  of Ear th ,  

The s c i e n t i f i c  apparatus  included instruments  i d e n t i c a l  with 

t h e  Universi ty  of' Chicago apparatm used on Explorer V I a ;  namely, 

ene rge t i c  p a r t i c l e  d e t e c t o r s  which measure f luxes  of  protons with 

energ ies  g r e a t e r  than 75 Mev, e l e c t r o n s  w i t h  energ ies  g r e a t e r  

than 13 M e V ,  and  the  bremsstrahlung from e l e c t r o n s  and gamma 

rays  of lower energy, Simultaneously w i t h  the  measurements i n  

Pioneer V a s e r i e s  o f  four  neutron monitor p i l e a  were recording 

t h e  changes i n  cosmic r a d i a t i o n  i n t e n s i t y  a t  the Ea r th ,  We 

r e p o r t  here  on some prel iminary r e s u l t s  obtained from the  Chicago 

experiments during t h e  t i m e  within which Pioneer V t r a v e l e d  t o  a 

dis'cance o f  approximately 8 x 106 km from Ear th ,  Beginning 20 
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March s o l a r  a c t i v i t y  r a p i d l y  increased  with many s o l a r  flares, 

r ad io  noise  b u r s t s ,  e t c ,  over  a per iod of 10 days. Most of our  

r e s u l t s  relate t o  t h i s  per iod.  

1. Experimental tests t o  i d e n t i f y  the electromagnetic 

modulation mechanism f o r  the sudden decreases  of  

g a l a c t i c  cosmic ray i n t e n s i t y  (Forbush type decreases) 

have been discussed i n  a r ecen t  

the r e s u l t s  from Explorer V I  wherein i t  i s  shown 

t h a t  ou t  t o  d i s t ances  greater than eight earth 

radi i  t h i s  phenomenon i s  of the same magnitude as 

observed a t  the Ear th .  On March 31, 1960 a similar 

type of decrease occurred a t  the  Ea r th  and a t  

Pioneer V. 

Ear th  was a t  least  as g r e a t  as a t  the Earth.  

Hence, existing t h e o r i e s  f o r  t h i s  phenomenon re- 

qu i r ing  the presence o f  the Earth and i t s  magnetic 

f i e l d  are proved t o  be i n v a l i d .  

paperb r epor t ing  

The decrease a t  5 x 10 6 k m  from the 

2. The direct  de t ec t ion  of  p a r t i c l e s  acce le ra t ed  i n  

s o l a r  f lares was observed i n  Pioneer V. (a)  The 

most ou ts tanding  event occurred Apr i l  1, 1960 where 

not  only protons but  e l e c t r o n s  andfor gamma rays  

from t h e  Sun were found. (b) Another consequence 

of t h i s  event follows from the repor ted  po la r  cap 

absorpt ion of r a d i o  noise  (H. Leinbach, p r i v a t e  

communication) i n  coincidence w i t h '  the  inc rease  



- 3 -  

of particle flux at the position of Pioneer V. 

This shows that the solar flare particles pro- 

ducing the ionization in the polar atmosphere 

for many hours are not stored in the geomagnetic 

field, nor at the Sun. 

3. Evidence has been found for the solar production 

of energetic electrons by processes other than 

solar flares. Bremsstrahlung was measured in 

Pioneer V for many days of the period over which 

data ave available at present, 

The apparatus is composed of a triple-coincidence counter 

system surrounded by 5 mm of lead. The instrument is so designed 

that high energy charged particles may be measured separately 

from the large background of low energy particles, The exper- 

imental apparatus is composed of many circuits, including in- 

formation-storage circuits capable of providing data on both the 

high energy radiation and the low energy radiation, The fn- 

formation is relayed by two telemetry channels from the space 

probe to the earth upon command from the earth, 

Since the objectives of these experiments include the 

detection of particles accelerated to high enepgies at the time 

of unusual solar events, and a search f o r  solar particle streams 

or giant plasma clouds, a temporary 24-hour watch has been es- 

tablished at the Fermi Institute to receive data from stations 

over the world observing solar, and solar-related phenomena, 

The Institute's network of cosmic ray stations extending 
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northward from Peru cont inues through t h i s  per iod as p a r t  o f  the 

experiment. I n  case  an unusual event,  such as a giant  f l a r e ,  i s  

de tec ted ,  communication channels  are a v a i l a b l e  whereby t h e  earth- 

s t a t i o n s  f o r  recording telemetry signals from Pioneer V w i l l  be 

alerted to ob ta in  add i t iona l  data a t  t hese  s p e c i a l  times, 

These experiments are being c a r r i e d  out by Peter Meyer 

and J, A.  Simpson of the U n i v e r s i t y ' s  Enrico Fermi I n s t i t u t e  

for Nuclear S tudies ,  and by C. Y e  Fan and the engineering s ta f f  

of  t h e  Chicago Midway Laborator ies ,  a d i v i s i o n  of  t h e  U n i v e r s i t y ' s  

Laboratory f o r  Applied Sciences a 

*This  work was supported i n  part by the  National Aeronautics and 
Space Administration and i n  part by the U,S. A i r  Force Office of  
S c i e n t i f i c  Research. 

Tan, Meyer and Simpson, Proc. of  t he  F i r s t  I n t e r n a t i o n a l  Space 
Science Symposium, N o r t h m l a n d  Pub, Co., Amsterdam (1960)(in 
press). 

$an, Meyer and Silmpson, Phys, Rev, Letters 4, 421 (1960). 
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PIONEER V MICROMETEORITE MEASUREMENTS 

A n  experiment t o  measure the dis t r ibut ion of cosmic dust i n  the 

ec l ip t i c  between the o rb i t s  of Venus and the  ear th  w a s  carried i n  the payload 

of Pioneer V launched on 11March 1960. Impacts of micrometeorites on an 

acoustically isolated surface of 0.04 square meters area were detected by 

means of a piezoelectric transducer. 

w a s  amplified and shaped and two separate pulse amplitudes were stored on 

the Pioneer V "telebit" uni t .  

t o  impacts of dust par t ic les  with masses greater  than 1 .2  x 10-l' grams 

as estimated from a momentum calibration and an average impact velocity of 

30 km/sec. 

"A" and "I)" data the mass dist r ibut ion of cosmic dust could be cmputed. 

Preliminary data from the experiment has been received f o r  the interval. 

from 11 March through 24 April 1960. 

operating sa t i s fac tor i ly  as evidenced from the  data which indicates that 

no impacts (actually three o r  less) were recorded during the first three 

The pulsed signal. from the transducer 

The threshhold pulse leve l  "Att w a s  sensit ive 

The "B" threshhold l eve l  was  1.7 x lom9 grams. From the 

Apparently the experiment i s  not 



-2- 

and a half days after launch, and that there were two cases of e r r a t i c  

operation resulting i n  counter saturation. 

functioned between 27 March and 2 April. 

preliminary analysis i s  given below. 

The experiment appears t o  have 

The available data and a 

The two counters i n  the " te lebi t"  un i t  recorded data using a binary 

Counter "A" which recorded both "A" and "B" levels  used a scale system. 

of 4 and could count t o  127 before recycling a f t e r  a t o t a l  of 512 pulses. 

Counter "B" was on a scale of 2 and recycled a t e r  16 "B" pulses. 

storage uni t s  showed multiple counts during the launch phase including 

payload and third-stage separation. This w a s  expected. After inject ion 

the "A" counter reading WRS 045, and the "B" counter reading was 7. 

i s  a tabulation of counter readings from inject ion on 11 March through 

24 April 1960. 

tabulated. 

Both 

Table I 

Al l  data points showing a change i n  counter readings are  

From the time of inject ion until 2240 on 14 March, a period of 

three and a half days, no change i n  count w a s  recorded. 

corresponding t o  that on Pioneer I, which resulted i n  the re la t ive ly  low 

leve l  impact r a t e  of 4.0 x impacts meter-'sec-', would have yielded 

24 impacts o r  a count of 6 on the "A" counter f o r  similar sens i t iv i ty .  

Tl?.e space density of cosmic dust near the ear th  may be la rger  than i n  

interplanetary space because of the e f f ec t  of the  ear th 's  gravity, and the 

t ra jectory of Pioneer I was similar t o  Pioneer V during the first few days. 

An impact r a t e  

A t  2241:ll on 14 March i n  an interval  of 36 seconds the "A" counter 

w a s  f i l l e d  t o  capacity. 

get t ing stuck i n  the "one" d i g i t  posit ion and loading up all the  binaries 

during operation of the s h i f t  regis ter .  

This may have resulted from the sh i f t  accumulator 

. . .  ._ 
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TABLE I 

Micrometeorite Counter Readings, Pioneer V 

11 March 
14 March 

14 March 

20 March 

20 March 
27 March 

29 March 
29 March 
2 April 
3 April 

14 April 

18 April 
24 April 

Zebra Time 
Hour Minute 

13 25 
22 40:35 

22 41:ll 

- 

18 15 
22 32 

17 15 
13 40 

17 01 
12 41 

12 47 
22 49 
15 30 

"A" 

045 
045 
127 

127 
000 
000 

001 

003 
006 

007 

007 

127 
127 

"B 

7 
7 
7 
7 
7 
7 
7 
7 
6 
6 
7 
7 
7 

N o  counts were recorded during the next s i x  days. A t  2232 on 20 March 

the "A" counter became unsaturated and changed t o  000. 

were recorded during the following seven days. 

counter apparently began counting, but on 18 April the counters again went 

t o  saturation. Between 27 March and 29 March the experiment may have been 

working correctly; the impact rate was 1.5 x lo-" impacts meterso2seco1 

during th i s  time. 

Again no counts 

On 29 March the "A" 
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On 2 April the "B" counter reading went t o  6 with a corresponding 

change i n  the "A" count. 

o r  an effect from operation of the under voltage control may have caused 

this  change. 

A series of 13 t o  15 consecutive "B" l eve l  counts 

Thus, there i s  evidence of faulty operation of the equipment associated 

with the micrometeorite experiment on Pioneer V. 

useful data w i l l  be forthcoming from the experiment. 

data may appear during the rest of the time of operation of the experiment. 

It is  doubtful that any 

Perhaps some useful 

The experiment w a s  i n i t i a t ed  at  the Air Force Cambridge Research Center 

and la ter  was  made a cooperative experiment with NASA because of personnel 

t ransfers .  The piezoelectric transducer was  constructed by the Physics 

Department of Temple University and the amplifier and pulse discriminator 

which fed in to  the  Space Technology Laboratory's t e l e b i t  un i t  was supplied 

by the  Oklahoma State  University. Herbert A. Cohen and others carried out 

the work at  the Air Force Cambridge Research Center. A t  NASA, 

W. Merle Alexander and Maurice Dubin worked on the experiment. 

. .  , . 
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STL MAGNETOMETER EXPER%%.aENaS - PIONEER V 
C. I?. Sonett, Director of Space Physics Section, 

Research and Development Division, 
Space Technology Laboratories, Inc. Los Angeles, Calif. 

The search coil. magnetometer aboard the Pioneer V vehicle has 

continued to return data from the time of launch to the present. 

This is the most sensitive magnetometer which has been flown on 

any interplanetary mission and represents the first American 

magnetometer experiment in interplanetary space. 

highly significant to geophysicists and astrophysicists have already 

been determined from examination of $he data. 

Several results 

The first of these results is a confirmation of the perturbed 

field ffrst noted on Expiorer VIo The assumption that this pertur- 

bation is due to a hydromagnetic ring current circling the earth is 

consistent with examination of‘ the data of‘ both Explorer VI and 

Pfoneer V, This then represents the first observation of a ring 

current phenomena whose existence has been argued for over a half 

century by geophysicists. 

The second observation of importance made by Pisneer V was 
that an intense zone of disturbed magnetic field exists at distances 

of some LO to 15 earth radii and that the interplanetary boundary 

of” the earthss magnetic field is twice as far from the earth as 



- 2 -  

has previously been supposed, A detailed observation of this region 

was first made by Pioneer I. Only partial release of that infor- 

mation was made at that time because of the strong desire to have 

a confirmatory flight. 

the highly ionized distant atmosphere of the earth. 

represent a class of phenomena which has been postulated by 

astrophysicists as existing at certain boundaries of cosmic 

gas clouds. This is the first experimental observation that 

such a process actually takes place. The observation on both 

Pioneer I and Pioneer V of a collapse of the geomagnetic field 

at distances greater than 13 earth radii represents a conflict 

with existing theory concerning the interaction of a solar wind 

with the geomagnetic field. 

These disturbances appear t o  be waves in 
They also 

The third important set of observations made to date by the 

magnetometer aboard Pioneer V has been a detailed examination of 

the interplanetary magnetic field. Significant correlations 

with the cosmic ray experiments are in progress, particularly 

concerning the unusually intense s o l a r  storm which took place 

on March 31. In addition to this storm event, small fluctuations 

in the field which correlate with the cosmic ray experiments are 

being investigated for their possible significance in relation 

to the propagation of gas clouds through the interplanetary 

region. The repeated return, after storm events, of the mag- 

netic field to the same value is perhaps indicative of a large- 

scale quiet time field in space. It is expected that these 

pioneering observations of the interplanetary magnetic field 

will, upon further study, shed new light upon the physical . 

nature of the solar system. 
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RING CURRENT 

Analysis of magnetometer data from the E3pLorer VI and Bdsneer 

V has established the existence of a ring current which is circu- 

lating around the earth at an altitude of 10 earth radii. 

existence of the current system has been detected by i t s  effect 

on the extraterrestrial geomagnetic field. 

The 

At altitudes beyond 6 earth radii, the ring current causes 
the magnetic field measured by a satellite-borne magnetometer to 

depart markedly from that due to the geomagnetic field alone. 

These field deviations have been observed both by Explorer VI and 

Pioneer V. The two vehicles sampled two widely separated regions 

of space. 

The quantitative agreement between these measurements indicates 

that the current system forms a giant ring which encloses the earth. 

The center of this ring current occurs at 10 earth radii and covers 

a region of space extending from approximately 7 to 3.3 earth radii. 
The total current flowing inside this region of space has been 

computed to be 5 million amperes. The newly discovered ring current 

is not to be confused with the Van  Allen radiation belts which occur 

at altitudes of about 1 to 6 earth radii. The latter are due to the 

trapping of high-energy particles in the earth's magnetic field. On 

the other hand, the ring current most probably consists of low- 

energy particles and consequently has gone unobserved by the hfgh- 

energy detectors customarily used to investigate radiation palaticles. 

- END - 
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COMMUMICATIQNS RESPONSIBILITIES FOR PIONEER V 

Director, Experimental Space Projects, 
Space Technology Laboratories, Pnc. 

U s  Angeles, California 

The integrated tracking, telemetry, and command radic communi- 

cation Link with Pioneer V has performed successfully since launch, 

The payload transmitter was acquired six minutes after launch and 

was turned off by the Manchester ground station 25 minutes later. 

In subsequent weeks the tsansmdtter has been operated on a duty- 

cycle of about 10 per cent; for every hour of transmission time 

about 18 hours ~f battery recharging takes place, 

Initial tracking data from the global Space Navigation Network 

p s ~ v e d  t o  be v e q  accurate and reliable, so much t h a t  the machine 

computation of the Pioneer V trajectory made 16 hours after lift- 

off has not required refinement since then, 

Of the eight possible commands that can be transmitted t o  

Pioneeas V, six have been successfully executed, The first command, 

"Transmitter o f f , "  is sf" course sent at the close sf every tracking 

exercise, which usually last about 30 minutes, The second command 

"Transmitter on at 64 pulses per second" was first sent by Florida 
immediately prior to liftoff, The third, "Separate payload from 

third stage" was sent by Manchester 25 minutes after liftoff. 
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To be able t o  concentrate the available power kn Pioneer V 
on telemetry transmission, a variable rate at which information is. 

transmitted was incorporated as a part of the design of the communi- 
cation link. The Singapore ground station, because of its relatively 

small antenna, was the first to send the fourth command, "Transmitter 

on at 8 pulses per second," 

when Pioneer V had reached a range of l50,OOO miles, 

station dropped to 8 pps 15 hours later, but Manchester, with its 

very large 240-foot antenna did not have to drop to 8 pps until 

its tracking exercise at 0930 EST on March 20, when the payload 

was 1,313,000 miles out. 

It did this at 0218 EST on March 12, 

The Hawaii 

It was necessary to remove the Singapore and Florida stations 

from ground tracking on March 13 because of their small antennas. 

On March l7 at 2100 EST Hawaii transmitted the fifth command 
"Transmitter on at 1 pps," when the payload had reached 972,000 

miles. It was not necessary for Manchester to send this command 

until 0620 EST April 16, when range had reached 4,8 million miles, 

Six hours later Manchester transmjbtted the sixth command, which 

altered the search frequency of the receiver in Pioneer V from 

4 0  t o  18 kc, its search time from 10 seconds to 3 minutes and its 
bandwidth from 250 to 40 cps. 

increase the sensitivity ~f the payload receiver by 10 db. 

The effect of the command is to 

The remaining two commands are both concerned with operation 

of the 150-watt amplifier in Pioneer V. 

send these commands when range has exeended to 10 million miles 

or so, and because of the consequent more rapid power drain in the 

payload, reduce the transmitter duty cycle to 1 or 2 per cent. 

It will be necessary t o  



- 3 -  

The only difficulties in the communication link with Pioneer V 

have occurred in the ground stations. Transmitter repair caused the 

Hawaii station not to be able to function for a day and a half, and 

high winds at Manchester forced this station to be inoperative 

briefly. Payload equipment, however, is performing quite well, and 

forecasts now for continued reception out to the maximum range hoped 

for are quite optimistic. 

- END - 

. , _I_- - 
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PIONEER V STATISTICS 

Launch: 11 March 1960 8:00:07 EST 

Al t i t ude  78.1 degrees 
Azimuth 92.9 degrees 

ProSe weight 94.8 pounds (26-inch s p h e r i c a l  aluminum s h e l l )  

Burn Out Veloci ty:  24,886 miles  p e r  hour o r  36,499 f e e t  p e r  second 

Orbi ta l  Elements: Period 312 days 
Time t o  p e r i h e l i o n  152 days 
E c c e n t r i c i t y  . l o 4  
I n c l i n a t i o n  t o  e c l i p t i c  3.35 degrees 

Hel iocent r ic  Phenomena: Pe r ihe l ion  10 August 1960 
Aphelion 13 January 1961 

Distances : 
A t  Pe r ihe l ion  .... From Sun 74.9 m i l l i o n  miles 

From Earth 46 m i l l i o n  miles 
From Venus o r b i t  8 m i l l i o n  mfles 
From Venus 140 m i l l i o n s  miles 

A t  Aphelion ...... From Sun 92.3 m i l l i o n  miles 
From Venus 131 n i l l i o n  m i l e s  
From Earth 8b m i l l i o n  miles 
From E a r t h  o r b i t  5OO,OOO miles  

Speeds : 
A t  Pe r ihe l ion  . . . . .7  8,000 miles p e r  hour 
At Aphelion ....... 63,300 m i l e s  p e r  hour 

Earth Mean Speed 66,593 m i l e s  p e r  hour 
Pioneer V Mean Speed 68,750 miles  p e r  hour 
Venus Mean Speed 78,403 miles p e r  hour 

A t  6.7 m i l l i o n  mi les  f o r  E a r t h :  

Time about noon EM', 29 Apri l  1960 
Ve 1 o c i t y 
'I'irne for s i g n a l  t o  reach probe 

approximately 6 , 470 m i l e s  pe r  hour 
36 seconds 

Telemetry data as of 29 Apri l  1960 -more than 100 hours of' t a p e s ,  

- .  . . .  . -  
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In t eg ra t ion  of the  Pioneer V o r b i t  has been c a r r i e d  out  for the 

next 7.5 years ,  taking i n t o  account pe r tu rba t ions  of t he  Earth-Moon 

s y s t e m ,  Venus and J u p i t e r .  

The probe w i l l  r e t u r n  t o  within 16 mi l l i on  s t a t u t e  miles  of the 

Ea r th  on November 6 ,  1965. The e c c e n t r i c i t y  of t he  Pioneer V o r b i t  

produces the  o s c i l l a t i o n s  superimposed on the bas ic  v a r i a t i o n  shown 

i n  tlie following f i g u r e s .  

Because of these  o s c i l l a t i o n s ,  a second c lose  approach t o  the  

Earth occurs about Apri l  1, 1966 at  a d i s t ance  of 15.6 mi l l i on  s t a t u t e  

miles .  Thereaf ter ,  t he  p a t t e r n  w i l l  r epea t  roughly every 5.8 years  

( t h e  synodic per iod)  w i t h  each approach d i s t ance  d i f f e r e n t  from the  

l as t .  

An approach t o  the  Ear th  much c l o s e r  than that of 1966 w i l l  not 

occur u n t i l  1989, when a f a i r l y  c lose  approach should occur-- less  

t i l a  two mil l ion  miles .  

The first c lose  approach of the probe t o  Venus w i l l  occur Sep- 

tember 28, 1961 a t  a d i s t ance  of 22 m i l l i o n  m i l e s .  

This  t a b l e  i l l u s t r a t e s  Earth-to-probe and Venus-to-probe d i s t ances  

a t  40-day i n t e r v a l s  for t h e  next 7.5 years :  

Distance of Pioneer V Distance o f  Pioneer V 
from Ear th  ( m i l l i o n s  from Venus (Mi l l i ons  

Calendar D a t e  o f  S t a t u t e  Miles)  of S t a t u t e  Miles)  

Apr 6, 1960 

May 16 

Jun 25 

Aug 4 

SeP 1 3  

o c t  23 

3.5 

9.4 

21.8 

43.0 

65.8 

81.2 

149.4 

145.5 

141.7 

143.7 

148.1 

. .  



Calendar Date 

Dec 2 

Jan  11, 1961 

Feb 20 

Apr 1 

May 11 

Jun 20 

Jul 30 

Sep 8 

o c t  18 

NOV 27 

Jan  6, 1962 

Feb 14 

Mar 27 

May 6 

Jun 1 5  

J u l  25 

SeP 3 

o c t  13 

Nov 22 

Jan  1, 1963 

Feb 10 

Mar 22 

May 1 

Jun 10 

Jul 20 

Aug 29 

-3- 
Distance of Pioneer V 
from Earth (Millions 
of Statute Miles) 

86.5 

84.3 

80.2 

81.3 

92.3 

111.7 

131.6 

145.2 

150.7 

149.4 

144.9 

142.5 

146.8 

157.4 

169.2 

178.5 

183.1 

182.9 

177.5 

171.4 

167.4 

167.1 

169.9 

174.4 

177.7 

177.1 

Distance of Pioneer V 
from Venus (Millions 
of S t a t u t e  Miles) 

145.8 

131.3 
106.2 

78.2 

57.0 

46.9 

39.6 

26.1 

27.2 

55.1 

82.1 

98.8 

105.7 

110.7 

122.3 

140.1 

155.0 

159.3 

151.7 

121.4 

118.7 

107.8 

84.6 
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Calendar Date 

Oct 8 

NOV 17 

Dec 27, 1963 

Feb 5, 1964 

Mar 16 

APr 25 
Jun 4 

Jul 14 

Aug 23 
Oct 2 

Nov 11 

Dec 21 

Jan 30, 1965 

Mar 11 

Apr 20 

May 30 
Jul 9 

Aug 18 

SeP 27 
Nov 6 

Dec 16, 1955 

Jan 24, 1966 
Mar 6 

APr 15 

May 25 

Jul 4 

Distance o f  Pioneer V 
from Ear th  (Millions 
of S t a t u t e  Miles) 

171.2 

160.7 

148.0 

l37.3 
132.6 

133.7 

136.3 

135.7 
128.6 

113.8 

93.5 
74.8 
64.9 

64.1 

67.0 

67.2 

GOA 

43.9 

23.5 
16.0 

20.7 

20.5 

16.7 

16.2 

25.3 
44.0 

Distance of Pioneer V 
from Venus (Mil l ions 

o f  S t a t u t e  Miles) 

25.0 

15.5 
21.3 

31.1 

49.7 
78.4 
108.2 

129.9 

139.5 
140.0 

139.0 
143.4 

151.6 

154.9 
146.5 

126.7 

102.1 

82.6 

73.3 
66.7 

52.0 

30.4 
31.5 

55.6 

74.3 

83.5 
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Calendar Date 

Aug 13 

Sep 22 

Nov 1 

Dec 11 

Jan 20, 1967 

Mar 1 

Apr 10 

May 20 

Jun 29 

Aug 8 

Distance of Pioneer V 
from Earth (Mil l ions 
of Statute Miles) 

68.0 

88.4 

99.4 

101.0 

97.3 

94.3 

98.5 

112.5 

131.7 

148.3 

Distance of Pioneer V 
f r o m  Venus (Mil l ions 
of Statute Miles) 

89.9 

103.5 

125.0 

145.4 

156.2 

154.9 

145.5 

136.7 

134.3 

134.5 
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FOR RELEASE: IblMEDIATE 
Friday, Apr i l  29, 1960 
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Department of Physics and Astronomy 
S t a t e  Universi ty  of Iowa 

Progress Report on I n v e s t i g a t i o n s  with 
S t a t e  Universi ty  o f  Iowa Apparatus 

on Explorer VI1 (1959 I o t a )  

I. Preliminary Resu l t s  of Outer-Zone Investigations 

The apparatus  designed and b u i l t  by the  group a t  the  

S t a t e  Universi ty  of Iowa and placed on Explorer V I 1  has been 

descr ibed i n  de ta i l  by Ludwig and Whelpley (Corpuscular 

Radiat ion Experiment of S a t e l l i t e  1958 I o t a ,  J .G.R.  65, pp. 

1119-1124, 1960). 

To date the data g i v e n  p a r t i c u l a r  a t t e n t i o n  have been 

those concerning the  p a r t i c l e  radia . t ion i n  the v i c i n i t y  of the 

o u t e r  r a d i a t i o n  zone. The r e s u l t s  are being analyzed i n  o rde r  

t o  determine whether there are any d iu rna l  v a r i a t i o n s  i n  the 

p o s i t i o n  and i n t e n s i t y  o f  the zone, i n  an e f f o r t  t o  determine 

the d e t a i l e d  mechanism for the formation of t h i s  zone. 

Deta i led  a n a l y s i s  has been made of the morphology of  

the changes wrought i n  t h e  o u t e r  zone by s e v e r a l  magnetic 

storms. 

. .  
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I n  one of these, that  of 18 October 1959, i t  was found 

that seve ra l  narrow zones of  enhanced r a d i a t i o n  were formed a t  

l a t i t u d e s  below the o u t e r  zone, These gradual ly  b lu r r ed  over 

i n t o  a s ingle  broad zone of  h igh - in t ens i ty  trapped r a d i a t i o n ,  

peaked a t  geomagnetic l a t i t u d e  around 56O, or 6' lower than the 

o u t e r  zone. T h i s  trapped r a d i a t i o n  was almost t o t a l l y  gone 

w i t h i n  a day a f t e r  the ces sa t ion  of t he  storm. 

A s  a c o n t r a s t  t o  the e f f e c t s  of the r e l a t i v e l y  minor 

magnetic storm of 18 October 1959 which d i d  not  par t icular1.y 

a f f e c t  t he  o u t e r  zone i t s e l f ,  w e  have also s tud ied  the e f f e c t s  

of  the severe  storm of  28 November 1959. The e f f e c t s  of t h i s  

storm were f i r s t l y ,  t o  g r e a t l y  dep le t e  the i n t e n s i t y  of  trapped 

r a d i a t i o n  a t  high l a t i t u d e s  beyond t h e  peak of the o u t e r  zone. 

The o u t e r  zone was thus made much narrower, and it moved towards 

lower la t i tudes ,  I n i t i a l l y  very i n t e n s e  f luxes  were observed i n  

t h e  peak, and then these gradual ly  disappeared so t h a t  on 29 

November t h e  counting rate of the  302 counter  was only about 

one t e n t h  that  on 28 November. T h i s  e f f e c t  was noted i n  both 

hemispheres. 

Figure 1 shows counting rates as Explorer V I 1  passed 

through the o u t e r  zone on 27, 28, 29 November. The zone was 

stable on 27 November, bu t  very d i s tu rbed  on the next dayI when 

si. 3-second wide peak a t  0336.30 2 was over an  au ro ra l  a r c S  as 

sketched i n  Figure 2. 

v i s i b l e  a r c  was under the  o u t e r  zone throughout the n i g h t  

Furthermore, a monochromatic 63008 sub- 

(Fig.  3 ) .  

. -  . .. 
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It appears that  t h e  v i s i b l e  au ro ra l  arc may have been 

generated following a very r ap id  dymplng ou t  of trapped 

p a r t i c l e s .  

s c a t t e r e d  ou t  and these  caused the sub-v is ib le  wide r ed  arc. 

Then over a per iod of many hours more p a r t i c l e s  were 

I f  these  i n t e r p r e t a t i o n s  a r e  c o r r e c t ,  these observa t ions  

provide the  first d i r e c t  study of  the transfer of  energy from 

the o u t e r  r a d i a t i o n  zone i n t o  au ro ra l  and airglow d i sp lays ,  

The most r ecen t  and thus  far t h e  most d r a s t i c  observed 

modif icat ion of  t h e  o u t e r  zone occurred during the per iod  31 

March t o  10 Apr i l  1960. The time r e l a t i o n s h i p  t o  t h e  very g r e a t  

magnetic storm which began on 31 March leaves  very l i t t l e  doubt 

of t h e  causa l  a s soc ia t ion  wi th  t h i s  event .  For s eve ra l  weeks 

previous t o  the event t h e  o u t e r  zone had been r e l a t i v e l y  stable 

i n  i n t e n s i t y  and p o s i t i o n ,  The i n t e n s l t y  a s  observed w i t h  the 

l i g h t l y  shielded 302 tube was about 200 counts per  second. On 

31 March-1 A p r i l  t h e  o u t e r  zone as observed a t  1000 t o  1100 km 

a l t i t u d e  almost completely disappeared, ( l e s s  than 10 counts per 

second.) Wide-spread aurorae a t  low l a t i t u d e s  were repor ted ,  

favor ing  the view that  t h e  trapped r a d i a t i o n  was being pre- 

c i p i t o u s l y  dumped i n t o  t h e  atmosphere by magnetic per turba t ion .  

The o u t e r  zone recovered r ap id ly  i n  i n t e n s i t y  (showing a t  times 

considerable  d e t a i l e d  structure) ; by a week l a t e r  t h e  i n t e n s i t y  

had b u i l t  up t o  over  10,000 counts per  second. The i n t e n s i t y  

then gradual ly  decl ined toward i t s  pre-storm l e v e l .  

. .. . . 
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A similar counter  and an i o n i z a t i o n  chamber i n  t h e  

IvlFnnesota apparatus  i n  Pioneer V ( a t  some 5 x 10' km from the 

earth) observed a very mi ld  b u r s t  o f  increased  counting ra te  of $ o f t  

r a d i a t i o n  (two or t h r e e  times cosmic ray i n t e n s i t y )  during 31 

March. 

any i n t e n s i t y  of soft r a d i a t i o n  w i t h i n  a f a c t o r  of  a thousand 

But a t  no t i m e  dur ing t h e  per iod 31 March- 7 April. was 

o f  our  o u t e r  zone maximum observed. We conjec ture  (1) tha t  the 

m i l d  b u r s t  of  a c t i v i t y  which was observed by Winckler e t  a l ,  on 

31 March w i t h  Pioneer V represented  t h e  d i r e c t  de t ec t ion  of the 

incoming plasma cloud, (2) t ha t  t h e  energy d i s t r i b u t i o n  of 

par t ic les  i n  the cloud was such tha t  i t  was de t ec t ed  wi th  very 

low e f f i c i ency ,  (3) t h a t  a por t ion  of t h i s  low energy plasma 

was i n j e c t e d  i n t o  the geomagnetic f i e ld ,  modifying t h e  f i e l d  so  

t ha t  much of  the t rapped r a d i a t i o n  then present  was dumped i n t o  

the atmosphere, and (4) t h a t  t h e  great subsequent i nc rease  i n  ob- 

served o u t e r  zone i n t e n s i t y  r e s u l t e d  from l o c a l  acce le ra t ion  of  

a por t ion  o f  the p a r t i c l e s  i n  t h e  trapped plasma to s u f f i c i e n t l y  

high energy t o  be de tec t ed  by our  equipment. 

2.  S o l a r  Protons 

A continuous watch for s o l a r  protons i s  provided by the 

State Univers i ty  o f  Iowa equipment i n  Explorer V I 1  a t  i t s  most 

no r the r ly  and most sou the r ly  l a t i t u d e s ,  whenever the o u t e r  zone 

is n o t  s u f f i c i e n t l y  extended t o  mask them. 

The following i s  a pre l iminary  l i s t  of such cases  from 

The i n t e n s i t y  i s  g iven  as a r a t i o  t o  13 October 1959 t o  da te .  

cosmic ray i n t e n s i t y  (2.0/cm2 sec.)  of protons of energy greater 

than 30 M e V .  

. . .  - . . . .. . .  . 
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Date S . U . I .  P a s s  No. I n t e n s i t y  

30 November 191 0,4 

17 March 771 0.4 

17 March 774 0.4 

17 March 772 0.3 
(12:35-12:43 U.T.) 

1 April  

1 April  

871 30 9 

(10: 18-10: 28 U. T . ) 
872 

(12:03-12:09 U.T.) 
7 *  

2 Apr i l  873 0.4 

5 A p r i l  

5 Apr i l  

5 A p r i l  

898 
(07:06 U.T.) 

899 
(08:49) 

0.3 

2.0 

2.0 

I n  comparison w i t h  the L.G.Y, per iod  1957-9 i t  i s  seen 

that there has been a notab le  decrease i n  emission of  ene rge t i c  

protons by the sun. 

a t  the th re sho ld  of  t rus twor thy  de tec t ion .  

3 April and 5 Apr i l  were prominent but were nonetheless  small 

compared to a number of the events  observed by var ious  means 
during the I .G.Y.  ( inc luding  the August events  de t ec t ed  by 

Explorer I V ) .  Winckler e t  a l .  and Simpson e t  a l .  a l s o  de t ec t ed  

these l a t t e r  two events  wi th  Pioneer V. A prel iminary comparison 

The events  of 30 November and 17 March were 

The events  o f  1, 2, 

, .. ._ . . -. .. . .  , . . . ___ . .  ." . 
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shows all available observa t ions  t o  be i n  good agreement i n  t i m e  

and i n  i n t e n s i t y .  The Explorer VI1 observa t ions  of i n t e n s i t y  as 

a func t ion  of l a t i t u d e  will provide a good energy spectrum. The 

s o l a r  f lare which yielded the protons was w e l l  observed by o p t i c a l  

and r ad io  means, (onset  0845 on 1 Apr i l ) .  

3. Forbush Decreases 

Two Forbush decreases  i n  cosmic ray i n t e n s i t y  have been 

noted: 

Date S.U.I .  Pass No. A m t .  of Decrease 

4 December 276 25% 

1 Apri l  869 20s 
1 April 870 25% 

(08:30-08:43 U.T) 

Thereafter masked by s o l a r  protons.  

The l a t t e r  event  was a l s o  observed by Pioneer V. 

J. A. Van A l l e n  

B. J. O'Brlen 
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SOLAR COSMIC RAYS AND SOFT RADIATION OBSERVED 

AT 5,000,000 KM FROM EARTH 

R e  L. Arnoldy, R. A .  Hoff’man, and J. R .  Winckler 
School of Physics 

Universi ty  of Minnesota* 
Minneapolis 14, Minnesota 

During the per iod March 27 t o  Apri l  6, 1960, t h e  i n t e g r a t i n g  

i o n i z a t i o n  chamber and Geiger counter  i n  the space probe, Pioneer V p  

de tec t ed  s o l a r  cosmic rays and some s o f t  r a d i a t i o n  e f f e c t s  assoc ia ted  

w i t h  a high l e v e l  o f  s o l a r  a c t i v i t y .  A t  t h i s  t i m e  the space probe 

was about 5,OOO,OOO km from the earth, approximately i n  the plane 

of the e c l i p t i c  and loca ted  somewhat behind t h e  sun-earth r ad ius  

toward the sun. The s o l a r  a c t i v i t y  w a s  a s soc ia t ed  w i t h  plage 

region H-15i1) which crossed the c e n t r a l  s o l a r  meridian on A p r i l  1, 

1960. The region was cha rac t e r i zed  by numerous f lares of all s i z e s ,  

large loops and surge prominences, and s t rong  s o l a r  r a d i o  emission 

over  a wide range of f requencies .  On March 31st a t  0800 UT, a 

severe geomagnetic storm began on the  earth accompanied by major 

earth c u r r e n t  d i s turbances ,  the complete blackout of  the  North 

A t l a n t i c  communications channel, and au ro ra l  d i sp lays .  Also a t  

t h i s  t i m e ,  a l a r g e  Forbush decrease occurred i n  the g a l a c t i c  
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cosmic r a d i a t i o n .  An i n t e n s e  series o f  bal loon f l i gh t s  w a s  made a t  

Minneapolis during the per iod and var ious  counting ra te  inc reases  

were observed a t  high a l t i t u d e .  The e a r t h  sa te l l i t e ,  Explorer V I I ,  

showed very s u b s t a n t i a l  changes i n  t h e  e a r t h  r a d i a t i o n  b e l t s  and 

gave evidence a l s o  f o r  the s o l a r  cosmic rays .  

The records  of the i n s t r u m e n t s  on Pioneer V on the basis of  

pre l iminary  data are shown i n  Figure 1. Following launch on March 

l l t h ,  as the payload passed through t h e  o u t e r  r a d i a t i o n  b e l t s ,  the 

r a d i a t i o n  l e v e l s  r a p i d l y  dropped t o  the g a l a c t i c  cosmic r ay  back- 

ground ra te  which was main ta ined  w i t h  minor f l u c t u a t i o n s  f o r  the 

f irst  two weeks on t h e  i o n  chamber and Geiger counter.  

sequence o f  s o l a r  flares began, following the appearance o f  the 

region H-15 on the v i s i b l e  d i sk .  

marked on t h e  base l i n e  of the f i g u r e .  I n  f i v e  o r  poss ib ly  s ix  

cases  these f lares  produced a response of the instruments  wi th in  

a few hours which can be i d e n t i f i e d  a s  low energy so lar  cosmic r ays  

o f  the type observed previously on many occasions and repor ted  i n  

the l i t e r a t u r e ( * ) .  

so la r  cosmic r ays  i n  space completely free of  the environment of  

the earth. The l a r g e s t  cosmic ray b u r s t s  occurred on Apri l  ls t ,  

a s soc ia t ed  w i t h  a c l a s s  3f f l a r e  beginning a t  0830 UT, and on 

Apr i l  5th, a s soc ia t ed  w i t h  a major r a d i o  d is turbance  and w i t h  a 

flare probably present  but not  so fa r  i d e n t i f i e d .  These cosmic 

ray accelerations have the following properties: 

Then a 

Those of c l a s s  2 o r  larger are 

For the f irst  t i m e ,  w e  have now observed these 

1. The s i z e s  range from j u s t  d e t e c t i b l e  above g a l a c t i c  cosmic 

ray background(3/27 and 28)to p a r t i c l e  f luxes  10 t i m e s  g a l a c t i c  background. 

2.  

o f  sh ie ld ing  i s  cons i s t en t  w i t h  a d i f fe ren t ia l  energy 

The observed ion/count r a t i o  of 7 t o  10 i n s i d e  0.5 t o  
2 5 g/cm 
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spectrum of t h e  form N(E) - CEO4 with a lower spectrum l i m i t  o f  

about 40 MeV, 

3. The decrease of  the p a r t i c l e s  i n  space, timed from the 

o p t i c a l  f l a r e  i n  the two large b u r s t s ,  follows the  l a w  I - Io 
T-1.9, 

law as soc ia t ed  w i t h  simple d i f fus ion .  

The decay seems d e f i n i t e l y  more rapid than  the 1.5 power 

4. Balloon f l i g h t  M-38 a t  Minneapolis on April  1, 1960, 

during the l a r g e  f lare  showed the presence of  s o l a r  protons of  

energy up t o  400 Mev and with a f l u x  and spectrum c o n s i s t e n t  w i th  

the space probe resul ts ,  T h i s  bal loon f l i g h t  occurred during a 

severe magnetic d i s turbance  from a previous f lare,  

5. Three of  the cosmic ray events  produced po la r  ionospheric  

changes ("Polar  Blackouts" - see Figure 1) repor ted  by Leinbach a t  

College, Alaska(3). 

6 ,  Two of  the cosmic ray  events  were de tec ted  by the 

counters  on s a t e l l i t e  Explorer V I d 4 )  . 
compared wi th  t h e  space probe are i n  good agreement. 

7. 

The p a r t i c l e  f luxes  when 

Although the events  have been analyzed on the  basis of 

a proton f l u  alone, the  presence o f  a smal le r  f l u x  of  a - 2 a r t i c l e s  

cannot be excluded. 

I n  Figure 1 w e  have p l o t t e d  (below) the g a l a c t i c  cosmic 

ray  i n t e n s i t y  as measured by bal loon ion  chambers a t  Minneapolis 

and by a sea  l e v e l  neutron monitor (Deep River, Canada, courtesy Hugh 

Carmichael)(5). 

April 1. 

i n  bal loon i o n i z a t i o n  was 25s. 

A l a r g e  Forbush decrease occurred on March 31 - 
The decrease a t  sea l e v e l  a t  high a l t i t u d e  was 10s and 

The exact  r a t i o  f o r  t he  decrease 
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of  ba l loon  ions/neutrons i s  2,3. 

the base l i n e  of the space probe i n s t r u m e n t s  t o  eva lua te  the  

na tu re  of  the increased  rates, w e  have normalized the bal loon and 

space probe i o n  chamber during t h e  f i r s t  two weeks of Pioneer V 

f l i g h t .  

were then cons t ruc ted  us ing  t h e  bal loon ion  chamber r e s u l t s .  

This  should be a n  accura te  procedure as the primary cosmic ray 

spectrum a t  present  inc ludes  negl ig ib le  r a d i a t i o n  not seen a t  the 

l a t i t u d e  of Minneapolis. 

Since i t  is necessary t o  know 

The base l i n e s  through t h e  d is turbed  per iod i n  Pioneer V 

On March 31 and again on Apr i l  4, the high ion/count r a t i o  

gave evidence f o r  s o f t  bremsstrahlung r a d i a t i o n  from e l e c t r o n s  

s t r i k i n g  t h e  Pioneer V payload, 

was a t  most 2.5 mill i roentgens/hr ,  which corresponds t o  an  e l e c t r o n  

f l u x  o f  less than 106/cm2 

The i n t e n s i t y ' i n  t h e  ion  chamber 

sec a t  50 kev. 

During the per iod Apr i l  2-7, and following an i n i t i a l  

"dumping" on Apr i l  1, the o u t e r  r a d i a t i o n  b e l t  of  t he  earth i n -  

creased i n  i n t e n s i t y  from 10 t o  40 times normal a t  ranges of 1000 

k m  above the sur face .  These observa t ions  were made by J. A .  Van 

Allen and the S U I  group ( 6 ) e  We have repor ted  a very s i m i l a r  be- 

havior  o f  the o u t e r  zone during a magnetic storm observed w i t h  

Explorer V I  on August 17-19, 1959(7).  

i o n i z a t i o n  chamber reading i n  Explorer V I  a t  23,000 km near  t h e  

equator  was 30 r/hr o r  20 r/hr h igher  than "normal". 

I n  t h a t  case,  the peak 

We can now say conclusively t h a t  the great  increase in 

50-kev e l e c t r o n s  observed by Van A l l e n  e t  a 1  i n  the o u t e r  zone on 

Apri l  2-7 was not  due t o  d i r e c t  s o l a r  i n j e c t i o n ,  as the f l u x  

observed by Pioneer V i n  space w a s  only 10-4 of  t h a t  appearing i n  

t h e  o u t e r  zone. It seems l i k e l y  t h a t  t h e  w e a k  e l e c t r o n  f l u x  
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observed i n  Pioneer V on March 31 and April 4 r ep resen t s  t h e  high 

energy end of a s o l a r  plasma cloud spectrum assoc ia ted  wi th  t h e  

magnetic storm and Porbush event.  We conclude tha t  a l o c a l  

a c c e l e r a t i o n  of a por t ion  of t h i s  plasma in t h e  magnetic f i e l d  

of the earth bui lds  up the  o u t e r  r a d i a t i o n  zone. 

Minneapolis, Minnesota 
25 Apri l  1960 

*The space program supported by National Aeronautics and Space 
Administration, Contract NASw-56. Balloon f l i g h t s  sponsored by 
the  National Science Foundation. 



. . .  - 6 -  

REFERENCES 

(1) Pre l iminary  Report  o f  S o l a r  A c t i v i t y ,  High A l t i t u d e  Observatory,  

Boulder,  Colorado, TR 449, 8 A p r i l  1960. 

(2) Winckler,  J. R. ,  "Balloon Study of High Al t i tude  R a d i a t i o n s  

During the I n t e r n a t i o n a l  Geophysical Year," Tech Report  

CR 26, Cosmic - Ray Group, Un ive r s i ty  o f  Minnesota, March 

1960; a l s o ,  - J o u r  Geophy Research, i n  press f o r  May i s s u e ,  

1960 . 
Ney, E. P., J. R.  Winckler, and P. S. Freier,  "Protons from 

the Sun on May 12, 1959," Phys Rev Letters,  - 3 ,  183-185, 

August 1959. 
-- 

Anderson, K. A., R, Arnoldy, R.  Hoffma.n, L. Pe te rson ,  and 

J .  R.  Winckler, "Observat ions of  Low-Energy Solar Cosmic 

Rays from the Flare o f  22 August 1958," J o u r  Geophy Research, 

- 64, 1133-1147, September 1959. 
II Winckler, J ,  R , ,  "Non-Rela t iv i s t ic  Protons from S o l a r  F l a r e s ,  

Abstract, B u l l e t i n  - o f  American -- Phys SOC. Pasadena Meeting, 

December 195g0 

(3) Leinbach, H., P r i v a t e  Communication. 

(4)  Van A l l e n ,  J. A., P r i v a t e  Communication. 

(5) Data o b t a i n e d  from U, S, Data C e n t e r  A f o r  Cosmic Rays. 

(6) Van Allen,  J. A. ,  P r i v a t e  Communication. 

(7) Arnoldy, R, L,, R ,  A ,  Hoffhan, and J. R.  Winckler, "Observat ions 

of  the Van Allen Rad ia t ion  Regions During August and 

September, 1959, P a r t  I," - J o u r  Geophy Research, i n  press 

f o r  May i s s u e ,  1960; a l s o ,  Tech Report  CR 25,  Cosmic Ray 

Group, Univ o f  Minnesota, March 1960, 

. -  - 


